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ABSTRACT

Docents and nonformal educators at museums, zoos, and
wildlife areas play an important role in educating the
public about the environment and conservation issues. Yet,

little research has been done regarding the effect

environmental education programs can have on increasing
knowledge and enhancing environmental attitudes among this

population. To ascertain the effectiveness of an
environmental-education training workshop, 71 docent

participants were surveyed pre- and post-treatment with a

5-point Likert-type scale instrument to establish their
knowledge and attitudes regarding a local endangered

species-the island fox. Two control samples, 50 members of
the general public and 72 non-participating docents, served

to comparatively establish the treatment sample's initial
knowledge and attitude levels. Comparison of post-workshop
surveys between the treatment sample and the docent control

sample demonstrated that the environmental education
methodologies used in the training program were successful

in significantly increasing knowledge of a local

environmental problem and inspiring a change in proenvironmental attitude.
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CHAPTER ONE

BACKGROUND

Introduction

How can Southern California residents make wise

choices regarding responsible environmental behavior and
the management of local endangered wildlife, when they are

unaware of local species or their issues?

Docents and naturalists at museums, zoos, aquariums,
and National Parks teach environmental information and

shape attitudes among the general public (Ballantyne,
Packer, Hughes, & Dierking, 2007; Fellows, 1994; Jacobson,
McDuff, & Monroe, 2006; Lindemann-Matthies & Kamer, 2006;

Swanagan, 2000) . However, even among this educator
population knowledge about local environmental problems may

be limited.

Previous research has demonstrated a connection
between eco-scientific knowledge, pro-environmental
attitude, and responsible environmental behavior (Barney,

Mintzes & Yen, 2005; Dimpoulos & Pantis, 2003; Meichtry &

Smith, 2007) . Significant changes in individual actions
toward the environment have been documented in programs
where learners developed knowledge and established valued

1

relationships with a particular location or species
(Johnson-Pynn & Johnson, 2005; Vaske & Kobrin, 2001) .

Building on this investigative foundation, the
following questions were posed: Can focused environmental

education increase docent knowledge concerning a local
endangered species and the interconnection between that

animal, its ecosystem, and human activity? Furthermore,

will the acquisition of new knowledge and environmental
education teaching techniques affect a change in individual

self-perception and motivational attitude toward the local
environment?

To answer these questions, docents and naturalists

from six institutions and organizations in Santa Barbara,
Ventura and Los Angeles counties, California, were surveyed
regarding prior knowledge and attitude toward a local

endangered species, the island fox (Urocyon littoralis).

These nonformal educators then participated in a focused
environmental education program, the Island Fox Workshop.
Following the Workshop, participants were surveyed again
regarding knowledge, attitudes, and probable use of

environmental education teaching activities.
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To evaluate the initial knowledge and attitude levels
of the Workshop participants and any subsequent change
following the treatment, two Null hypothesizes were

proposed:
1.

The experimental sample was comparable in knowledge
and environmental attitude to the general public.

2.

The experimental sample was comparable in knowledge
and environmental attitude to docents at other
biological/conservation focused institutions.

Context of the Problem
Current rates of urban expansion, pollution, and human

activity threaten Southern California's biodiversity
(Conservation International, 2007). Conservation
International and a team of renowned scientists have

identified the California Floristic Province as one of the

earth's 25 "biodiversity hotspots" (Myers, Mittermeier,

Mittermeier, de Fonseca, & Kent, 2000). The threatened
region stretches from southern Oregon to northern Mexico
and encompasses the western half of California (Myers et

al., 2000). As defined by environmental biologist Dr.

Norman Myers (1988), biodiversity hotspots are areas with
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exceptional concentrations of endemic species that are
experiencing unusually rapid loss of habitat.

Los Angeles, Ventura, and Santa Barbara Counties are
all located within the California Floristic Province.

Numerous plant and animal species in these counties are

threatened by human impacts and loss of sustainable habitat

(Department of Fish and Game [DFG], 2001; United States
Fish and Wildlife Service [USFW], 2009).
The endangered species listing for the island fox
(USFW, 2004) states that four subspecies of this canid

reside on the California Channel Islands located within the
aforementioned counties. These island foxes are some of the
most critically endangered mammalian predators in North

America because of direct and indirect human alteration to
their island ecosystems (Coonan, Schwemm, Roemer, Garcelon,

& Munson, 2005; Roemer, Coonan, Munson, & Wayne, 2004;

USFW, 2004).

While 90% of local residents can identify the giant
panda (Ailuropoda melanoleuca) as an endangered species and

support the idea that conservation efforts should be made

on its behalf, only 10% of these same citizens have equal
awareness of the endangered island fox and only 1% have
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knowledge of conservation efforts on its behalf (P. Meyer,

personal communication, March 9, 2008).
Such findings are not unusual. A research project

developing a metric to test, ecological knowledge found that

adult residents in Ohio were more knowledgeable of global
environmental issues and concepts than local environmental
problems, biotic interactions or biodiversity (Morrone,
Mancl & Carr, 2001, p. 40).

The First Pennsylvania Environmental Readiness for the

21st Century Survey Report revealed that only 38% of adult
Pennsylvanians could recognize the definition of

"biodiversity" from a field of four options (Johnson &
Smith-Sebsto, 2000, p. 10). The majority of the survey's
respondents valued wildlife and preferred to live in
greenbelt areas, but 88% could not identify that the

greatest contributor to local water pollution was runoff
from their own "yards, city streets, paved lots and farm
fields" (Johnson & Smith-Sebsto, 2000, p. 11). Like these
other Americans, Southern Californians may espouse positive

attitudes toward the environment but without knowledge to

direct that worldview, individuals may not make wise

5

choices regarding responsible environmental behavior or the
management of local endangered wildlife.

In California, a factor in the lack of bioregional
knowledge is the reality that six out of every ten
documented residents in Los Angeles, Ventura, and Santa

Barbara counties are first-generation immigrants to
California, either from foreign countries (31%) or other

parts of the United States (28%)

(California Digital

Library [CDL], 2001; Center for Comparative Studies in Race
and Ethnicity, Stanford University, 2003). This means that

a majority of the population in these three counties does
not have even one generation of history in this location.

This lack of personal and familial history in Southern
California is important because research has shown that
most people understand science and environmental issues
based on personal experiences rather than from outside

educational or informational sources (Miller, 2001). In

these three counties the opportunity for individuals to
regularly interact with native flora and fauna, and

personally gather knowledge of local wild places, is

reduced because 89-99% of residents live in urban areas
(CDL, 2003).
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In order to "live well in a place," David Orr suggests

people need a fundamental knowledge of the natural systems
and wildlife where they live (Orr, 2004, p. 14). Without

this understanding, citizens become "de-placed people who
do not know the very ground beneath their feet" (Orr, 2004,

p. 25) .
This lack of connection with the local environment

becomes especially important when we examine how scientific
and environmental information and knowledge are most likely

to be communicated to community members and children. Daily

experience at home provides the contextual foundation for
all learning, including learning about the local

environment (Kola-Olusanya, 2005). Information gathered

from other sources is still understood through the context
provided by family and personal experience (Miller, 2001).

Where are adults and children most likely to obtain
information about the environment? A survey conducted by
the California Science Center in Los Angeles found that

adults relied primarily on books, magazines, television and

life experiences as sources of information for all aspects
of science, including the local environment (Falk, Brooks &

Amin, 2001). However, 65% of respondents also cited museums
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and zoos as sources of science information (Falk et al.,

2001). Limited research with children points to television
as a primary source for their environmental information

(Moakes & Bond, 2001).
Unfortunately, literary sources focus primarily on

global environmental topics, rather than on local concerns.
Similarly, television programming typically offers little

information on local wildlife and frames its message to
predominantly evoke an emotionally-positive attitude which

may not translate into "environmentally friendly behavior"

(Barney et al., 2.005, p. 53) .

A National Science Board (NSB) study in 2004 revealed
that the majority of the public visited at least one
nonformal educational facility during the year. Docents are
the public face of such institutions and a major conduit
for communicating information (Grenier & Sheckly, 2008;

Mony, 2007; Swanagan, 2000). Increasing docent knowledge
and attitudes toward local environmental situations may be
an important factor in influencing public environmental

knowledge and attitude.
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Significance of the Study

Knowledge and attitude are important components of
environmental literacy (Hungerford & Volk, 1990; Volk &

McBeth, 1997). Research has shown a direct relationship

between increased levels of environmental knowledge,
environmentally friendly behavior, and ecoscientific

attitude (Barney et al., 2005).

If focused environmental education can increase docent
knowledge of local ecosystems and wildlife issues, it may

also enhance the complexity of their motivational attitude

toward the environment.
Numerous studies in the field of environmental
education have shown that the vital factors leading to

environmental sensitivity are awareness, firsthand
knowledge of local natural systems and mentoring by an
environmentally sensitive adult (Chawla, 1998; Palmer,

1993; Palmer, Suggate, Bajd, & Tsaliki, 1998; Peterson,
1982; Tanner, 1980;). If an environmental education

workshop offers these three elements to docents and
naturalists, and also provides participants with practical

teaching activities to replicate the first two elements,
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then these nonformal educators may act as vital conduits to
bridge Southern California's environmental literacy gap.
Once individuals gain environmental sensitivity toward

their local ecosystems and develop environmental literacy,
they are more apt to become active participants in both
local and global environmental sustainability (Jacobson et

al., 2006; Palmer et al., 1998; Sia, Hungerford, & Tomera,

1985/86; Sivek & Hungerford, 1989/90).
The health of bioregional habitats, like the Channel

Island ecosystem, and the survival of endangered species,

like the island fox, depend on an informed local community
and a proactive citizenry. If increased knowledge of local

ecosystems and familiarity with experiential teaching tools

can be shown to directly enhance motivational attitude,

then there might be greater support for future development

of intensive, focused training for nonformal educators and
place-based environmental education programs.

Definition of Terms

The term "docent" as it applies in this study
represents an individual who acts as a volunteer educator

or naturalist at a nonformal educational facility (Los

Angeles Zoo and Botanical Gardens, 2009; McKean, 2005, p.

10

497). Such facilities can range from institutions like

zoos, museums, and aquaria, to outdoor resources such as
wildlife reserves and National Parks (McKean, 2005, p.497).

Organization of the Thesis
The evaluation of docent knowledge and attitudes prior

to and following the Island Fox Workshop is based on the

fundamentals of effective environmental education as
presented in a review of the pertinent literature, in

Chapter Two. Chapter Three documents the methodology by

which participants were surveyed, data was compiled and

results were analyzed. The results and a discussion of the
findings are presented in Chapter Four. Chapter Five offers
conclusions and recommendations. The Appendices consist of:

SURVEY 1 - PRE-WORKSHOP SURVEY; SURVEY 2 - POST-WORKSHOP

SURVEY; ISLAND FOX WORKSHOP SCHEDULE; ISLAND BIOWEB
ACTIVITY; IT'S AN ISLAND ACTIVITY; HOW MANY FOXES ACTIVITY.

Finally, a complete reference listing follows the

Appendices.
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CHAPTER TWO

REVIEW OF THE LITERATURE

Introduction

The foundation for evaluating environmental knowledge
and motivational attitude among Island Fox Workshop

participants rests on a review of the literature regarding:

environmental education: definition and goals; effective
environmental teaching strategies; the relationship between

knowledge, attitude and environmentally responsible
behavior; the educational influence of nonformal educators
at museums, zoos and. wildlife reserves; the scientific

background of the island fox (Urocyon littoralis); and the
effect of community knowledge on endangered species
conservation.

Environmental Education:
Definition and Goals

Since the first written definition developed by

William B. Stapp and his graduate students at the
University of Michigan in 1969, the defining thread of

environmental education has been a lifelong
interdisciplinary process through which people gather

awareness of natural processes (Disinger, 1983; Stapp et
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al., 1969, p. 34), appreciate their own interconnection
with the environment (Elder, 2003, p. 15), become

knowledgeable about human impacts (Elder, 2003, p. 17),

develop skills to resolve environmental issues (Disinger,
1983; President’s Council on Sustainable Development
[PCSD], 1994; Stapp et al., 1969, p. 34), and are motivated

to act (Disinger, 1983; Elder, 2003, p. 15; PCSD, 1994;

Stapp et al., 1969, p. 34).
Comprehensive environmental education therefore is not

an independent discipline, but rather a process whereby

people and societies come to relate to each other and the
environment in a sustainable manner (Elder, 2003, p. 17;
PCSD, 1994). This process was detailed in the Tbilisi

Declaration as a series of steps guiding learners through:
1) creating awareness; 2) building knowledge; 3) nurturing
a positive attitude toward the environment; 4) developing

analytical and problem-solving skills; and 5) fostering
participation in environmental action (Intergovernmental

Conference on Environmental Education, 1977) .
Environmental education strives to instill knowledge

regarding environmental issues, to create awareness of

sociopolitical perspective, and to develop the cognitive
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skills to evaluate both of the former (Jacobson et al.,
2006, p.65; Hungerford, Litherland, Peyton, Ramsey, & Volk,
1996; Volk & McBeth, 1997). Equipped with scientific and

socio-cultural knowledge, as well as an awareness of action
strategies, the learner is considered environmentally

literate and able to participate in problem-solving actions
and responsible behaviors (Hungerford & Volk, 1990; Volk &
McBeth, 1997).
The goal of environmental education's process

therefore is to develop environmental literacy, cultivate
civic involvement and promote responsible environmental

behavior (Elder, 2003, p. 32; Culen, 1998). The empowerment

of the individual through in-depth issue and action
knowledge plays an important role in developing an internal

locus of control, which in turn builds an individual's

belief that their responsible behavior is valuable and

globally important (Culen, 1998; Jacobson et al., 2006,
p.65; Hungerford & Volk, 1990). The culminating purpose of

this process is to transform individuals into citizens
endeavoring to create sustainable communities, ecosystems
and economies (Elder, 2003, p. 32; Jacobson et al., 2006,

p.65; PCSD, 19.94, p. 1).
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Environmental Education
Strategies

Effective environmental education blends a variety of

pedagogies and educational theories, including: place-based

education, constructivism and student-based education,
experiential learning and systems thinking. For the Island
Fox Workshop the challenge was not only to employ these

methodologies, but also to teach their practice in a manner
that participants would be willing to model.

Place-based Education
Living "well in a place," as David Orr (2004) defines
it, includes holistic integration between humans and their
environment; having "a knowledge of local soils, flora,

fauna, and the local watershed" (Orr, 2004, p. 14). Place
based education is the pedagogical fabric that weaves the

natural and human history, organic and built physical
environment, and the intrinsic and human resources of a

location together with a binding philosophical thread that
reconnects learners intellectually and emotionally with the

place where they live (Elder, 2003; Orr, 2004; Sobel, 2004;
Vaske & Kobrin, 2001).
Environmental education grounded in place-based theory

holds greater promise for success because the learning
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becomes relevant to daily life and local problems (Johnson-

Pynn & Johnson, 2005; Lindemann-Matthies, 2002; Meichtry &
Smith, 2007). Subsequently, acquired skills and practiced

actions take on greater pertinence as they are employed to
address local issues (Duvall & Zint, 2007; Johnson-Pynn &
Johnson, 2005; Lindemann-Matthies, 2002; Meichtry & Smith,

2007). When learners can experience the connections between
their actions and the ecological world, they are more
likely to evolve a depth of knowledge and understanding
regarding natural systems, biodiversity and the importance

of their personal environmental behavior (Johnson-Pynn &
Johnson, 2005; Lindemann-Matthies, 2002; Meichtry & Smith,

2007; Vaske & Kobrin, 2001).
We might think that just living in a place inspires

appreciation and knowledge of its natural and built

components, but especially in the case of endangered
species, research has proven this to be a false hypothesis

(Barney et al., 2005; Dimopoulos & Pantis, 2003). In a
world where modern American adults have greater knowledge

of global environmental issues than local ecosystems and
species (Johnson & Smith-Sebsto, 2000; Morrone et al.,

2001), place-based education programs can improve
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environmental literacy and increase positive environmental
attitudes among adults, as well as children (Meichtry &

Smith, 2007).
Simultaneously, teaching through the place-based
process, models an effective teaching strategy (Meichtry &

Smith, 2007). In a professional development program

employing a place-based pedagogy toward a local watershed,
Meichtry and Smith found that in-depth training of in

service teachers created individuals with enhanced
confidence for teaching natural systems and the connection

between science, daily life and societal issues.
Constructivism and Student-based Education

Traditional educational theory models an omniscient
teacher transmitting a sole representation of truth on to a

learner (Spring, 2008). Constructivism embraces the idea of
each individual bringing their own context to a learning

situation. For information to go beyond "surface knowledge"
(Crowell, Caine, & Caine, 1998, p. 5) to an internalized
understanding, it must be relevant to the learner's life
and worldview (DiEnno & Hilton, 2005; Jacobson et al.,

2006). Each individual processes information differently in
conjunction with their own neurophysiology (Crowell et al.,
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1998), beliefs and prior understandings (Ballantyne &

Packer, 2005; Jacobson et al., 2006).
Constructivist presentation initiates from a student

based context (DiEnno & Hilton, 2005; Jacobson et al.,

2006). If prior understandings are invalid, the teacher
must connect to these misconceptions and allow for the

development of new student understanding through discovery
of alternative truths (DiEnno & Hilton, 2005; Jacobson et

al., 2006). "Whenever we alter the way we view the world,
we do in fact change the world we are viewing" (Crowell et

al., 1998, p. 62). Inquiry and exploration of real-life
problems or questions are anchors that ground learning in
relevant knowledge application (Bybee, 1993; DiEnno &
Hilton, 2005; Jacobson et al., 2006) and have been shown to

motivate more comprehensive understanding of information in
students (Lord, 1999).

Group interaction expands comprehension (Bybee, 1993;

DiEnno & Hilton, 2005; Lord, 1999) , while actual experience
and reflection contribute to the construction of a new

understanding (Crowell et al., 1998, Dettmann-Easler &

Pease, 1999; Jacobson et al., 2006). Reflection and the
ability to apply new knowledge provide authentic
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assessment, demonstrably offering concrete evidence of

student assimilation of knowledge (Bybee, 1993; DettmannEasler & Pease, 1999; DiEnno & Hilton, 2005; Lord, 1999).
A constructivist approach toward training educators

appreciates former knowledge and experience, while
addressing prior beliefs. The cooperative nature of

constructivist learning, places value on student input,
which empowers learners (DiEnno & Hilton, 2005, Jacobson et

al., 2006). The greater an educator's confidence in their
own knowledge, the more comfortable they are with

constructivism's egalitarian approach (Meichtry & Smith,

2007). Training docents in a constructivist manner also
models teaching methodology valuable to them as nonformal
educators who encounter learners of different abilities,

backgrounds and beliefs on a daily basis (Grenier &
Sheckley, 2008).
Experiential Learning and Systems Thinking
Both placed-based pedagogy and constructivist theory
incorporate experiential learning and engage systems

thinking (Elder, 2003; Jacobson et al., 2006).
Experiential learning provides the key to successful

environmental education, because it is the organic way in
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which humans learn (Jacobson et al., 2006; Scholer, Angros,

Rickel and Johnson, 2000). Experience, as David Orr states,
may be the most important aspect of environmental education

because it generates "first-hand knowledge of nature"
(2004, p. 52).
The experiential learning cycle begins with hands-on

experience, generates ideas which are connected to prior

understanding, and solidifies generalized concepts into a
mental model which can then be applied in other situations
(Jacobson et al., 2006, p. 43-44). Experiential learning in

groups creates a bond of common experience, provides access

to multiple viewpoints and breaks down personal differences
(Jacobson et al., 2006. p. 45).
The organic and interdisciplinary nature of

experiential learning stimulates critical thinking and

creates impetus for systems or holistic thinking (Elder,
2003; Orr, 2004). Appreciating humanity's connection with
the environment requires a realization of complex natural

systems and the interdependencies between processes and

players (Jacobson et al., 2006; Orr, 2004). Creating

opportunities for learners to discover how systems
function, identifying threats to those systems, and
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engaging in problem-solving activities, encourages the
development of skills vital to communal solutions and

positive environmental outcomes (Jacobson et al., 2006;
Orr, 2004) .
Because experiential learning involves active

participation, it creates concrete experiences where

learning combines with emotional memories, the power of
which can strengthen conviction to change behavior and

increase involvement in solution building (Ballantyne &

Packer, 2005.; Lake & Jones, 2008) . Studies have shown
experiential learning, through outdoor activities

(Dettmann-Easler & Pease, 1999), hands-on work with local
watersheds (Johnson-Pynn & Johnson, 2005; Meichtry & Smith,
2007), participation in wildlife issues (Johnson-Pynn &
Johnson, 2005; Lake & Jones, 2008), college fieldwork

(Fernandez-Manzanal, Rodriguez-Barreiro, & Carrasquer,

2007) and even interactive games (Hewitt, 1997; Jacobson et
al., 2006), reinforces environmental knowledge and
understanding of interconnectivity.
Confronting local environmental issues requires

citizens knowledgeable of natural systems and the
complexity of interconnected relationships (Jacobson et
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al., 2006). The link between the human use of
dichlorodiphenyltrichloroethane (DDT) on the mainland, bald

eagle extinction on the northern Channel Islands and the
subsequent decline of island fox populations, is a perfect

example of the complexity of natural systems (Roemer,
Coonan, Garcelon, Bascompte, & Laughrin, 2001; USFW, 2004).

Chemical toxins, introduced in the environment by humans,

traveled up a food web to cause the extinction of one
species, the bald eagle, and in doing so created a vacant

niche in an ecosystem. When that niche was filled by
another species, the golden eagle, with different behaviors
and dietary preferences, it in turn nearly caused the

extinction of an endemic species, the island fox (Roemer,
Coonan, Garcelon, Bascompte, & Laughrin, 2001; USFW, 2004).
Experiential education that combines discovery of

holistic relationships with practice of skills and actions
that demonstrate humanity's ability to positively influence

environmental issues reinforces the importance of knowledge
in making complicated choices (Jacobson et al., 2006). The

ability to evaluate and problem-solve from a position of
knowledge empowers an individual's internal locus of

control with the belief they can make a difference, thereby
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encouraging action (Ballantyne & Packer, 2005; Culen, 1998;

Lake & Jones, 2008).

Relationship Between Environmental
Knowledge, Attitude and Behavior

Evaluating the effect of environmental education

programs on ecoscientific knowledge, attitude toward the
environment, and environmentally responsible behavior is a

primary focus for environmental-education research
(Ballantyne & Packer, 2005; Barney et al., 2005; Dettmann-

Easler & Pease, 1999; DiEnno & Hilton, 2005; Dimopoulos, &

Pantis, 2003; Fernandez-Manzanal et al., 2007; Johnson-Pynn
& Johnson, 2005; Leeming, Dwyer, Porter, & Cobern, 1993;
Meichtry & Smith, 2007; Solorazano & Ray, 2003).
Understanding how knowledge and attitude work to influence

behavior is vital to understanding how to promote
environmentally sustainable behavior (Culen, 1998;

Fernandez-Manzanal et al., 2007).

Typically, such studies employ a Likert-type scale

survey instrument to evaluate knowledge and attitudes, and
for respondents to self-report behaviors (Barney et al.,

2005; Dimopoulos, & Pantis, 2003; Fernandez-Manzanal et

al., 2007; Johnson-Pynn & Johnson, 2005; Morrone et al.,
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2001). While there have been many studies on specific
environmental education programs, a limited number have
demonstrated significant impacts on all three variables:

knowledge, attitude and behavior (teeming et al., 1993;

Fernandez-Manzanal et al., 2007).
The relationship between knowledge and attitude is

complex. A concern for the environment can be found both in

knowledgeable populations and in those lacking knowledge
(Morrone et al., 2001). Positive environmental attitudes
can be based in a moralistic/spiritual viewpoint or in a
knowledge-based, ecoscientific perspective (Ignatow, 2006).

Positive attitudes founded solely in aesthetic or
humanistic views can encourage interactions between humans
and nature that are detrimental to wildlife and ecosystems

(Barney et al., 2005; Dimopoulos, & Pantis, 2003).
While formal education may positively impact general

knowledge about natural systems (Johnson & Smith-Sebasto,
2000), it is not a clear indicator of increased environ
mental knowledge (Morrone et al., 2001) or heightened

environmental attitude (Fernandez-Manzanal et al., 2007).
Well-educated, young urbanites respond to surveys with more

general "concern" for the environment, but do not
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necessarily translate their attitude into environmentally
responsible behaviors (Ignatow, 2006, p. 445).

So, is there a connection between knowledge and
attitude? Limited research has shown ecological knowledge

among the general public is greatest in regard to global
ecological issues and least where it concerns local

environmental problems and systems (Ignatow, 2006; Johnson
& Smith-Sebsto, 2000; Morrone et al., 2001). This lack of
knowledge relevant to daily life may explain the general
disconnect between what people know and feel, and the

reality of how they act toward the environment (Morrone et
al., 2001).

In a sample of university students majoring in
environmental health, Morrone, Mancl and Carr (2001)

revealed a less than average understanding of biodiversity
and ecosystem succession. But these same students had the

greatest knowledge levels, among the four study samples, in
health-related environmental knowledge: carrying capacity
and biotic interactions. As a group they were the second-

most knowledgeable and held the highest belief that "humans

were not created to rule nature," that "technology is not a
cure-all for environmental problems," and that individuals
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can make a positive difference (Morrone et al., 2001, p.

38) . Perhaps these eco-posi’tive attitudes were connected to
the elements of the environment that these students had

directly studied.
The assumption that general environmental knowledge

improves attitude, is tenuous. Carrier (2006) found
attitudes only increased in the male half of an elementary-

school sample, the same half that had exhibited poor
attitudes in pre-testing. In a survey of university

students, in Spain, where there was no specific

environmental education goal, Fernandez-Manzanal,
Rodriguez-Barreiro, & Carrasquer (2007) found no

significant difference in student environmental attitudes
after four years of higher education.
Research studies that reported the greatest connection

between knowledge, attitude and behavior, were those
focused on a specific, local environmental problem and

striving to purposefully connect learners to that problem
and its solutions (Dimopoulos & Pantis, 2003; Johnson-Pynn
& Johnson, 2005). Connecting, knowledge and attitudes in

relationship to a specific local place and or animal,
typically resulted in the greatest positive effect on
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environmentally responsible behaviors (Johnson-Pynn &

Johnson, 2005; Vaske & Kobrin, 2001) .

Educational Influence of Nonformal
Educators at Museums, Zoos and
Wildlife Reserves
The National Science Education Standards state that
the formal classroom is "a limited environment" and that

school science programs "must extend beyond the walls of
the school to the resources of the community" (National

Committee on Science Education Standards and Assessment

[NCSESA], 1996, p. 45). Parents, children, and even
teachers, may view a trip to the zoo or museum as a

recreational activity, but research has shown that such
free-choice learning environments provide the possibility
for natural, synergistic learning situations (Ballantyne et

al., 2007; Falk & Adelman, 2003; Lindemann-Matthies &
Kamer, 2006; Tofield, Coll, Vyle, & Bolstad, 2003). This
result is heightened by the reality that most visitors to

zoos, aquariums and museums come with low to moderate
knowledge levels, but moderate to extensive interest. This

combination makes them the population most likely to gain

from an educational experience (Falk & Adelman, 2003).
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While the majority of visitors to zoos may cite

entertainment as their primary reason for visiting, that
does not mean they are disinterested in education or

conservation (Ballantyne et al., 2007; Tofleld et al.,

2003). When queried, 59% of visitors to the New Zealand Zoo
added they valued the location's educational element and
24% cited an interest in conservation or protection of

endangered species (Tofield et al., 2003). Similarly, the
majority of visitors to a Swiss zoo continued to respond

that they had learned something during their visit, when

queried two months later (Lindemann-Matthies & Kamer,
2006).

Large percentages of the population pursue

opportunities for lifelong learning at nonformal venues
(NSB, 2004) or regard them as important sources for science
and technology information (Falk & Amin, 2001). This
interaction has a snowball effect. The higher an

individual's education the greater the probability they

will seek out additional knowledge from a free-choice

source (Miller, 2001). A 2004 National Science Board study

found that 30% of the general public had visited a science
and technology museum in a 12-month period, while 58% had
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visited a zoo. Only 14% had not visited any kind of museum,
zoo, or library in the prior year (NSB, 2004) .

Museums, zoos, aquaria, and wildlife reserves offer

valuable opportunities for transformative educational
experiences because they can connect a visitor's prior
experience and context to new information and attitudes

(Ballantyne et al., 2007; Fellows, 1994; NCSESA, 1996).
Docents and other volunteer educators play a pivotal role

in making this connection and completing the emotionally

personal and methodologically constructivist component of
nonformal education (Ballantyne et al., 2007; Grenier &

Sheckley, 2008; Lindemann-Matthies & Kamer, 2006; Swanagan,
2000).

Too frequently, well-crafted environmental messages
are not internalized by the public because institutions

present them through static signage, which 70% of visitors
do not read (Tofield et al., 2003). When these same

messages are individualized through docents employing
enriched environments and experiential activities, visitors

become engaged in transformative learning with long-lasting

ramifications (Grenier & Sheckley, 2008; Lindemann-Matthies
& Kamer, 2006; Swanagan, 2000).
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A knowledgeable docent, not just providing

information, but modeling behavior can change distaste for

snakes to respect (Ballantyne et al., 2007), fear of nature
to appreciation (Fellows, 1994), and casual interest in an
exhibited animal to discovery and concern for a local

endangered species (Lindemann-Matthies & Kamer, 2006) .
Even studies that have questioned docents as

information messengers have supported that the public
values their personal interaction with a docent and that

these trained individuals can provide in-depth answers to

conservation questions (Mony, 2007). If specific
conservation messages are to be conveyed to visitors, then
institutions must clarify specific conservation objectives
(Ballantyne et al., 2007; Mony, 2007), train docents

comprehensively with knowledge of conservation topics, and
teach techniques for engaging learners in a constructivist
manner (Grenier & Sheckley, 2008).

Museums, zoos, aquaria, and wildlife areas are venues
of lifelong learning that can impact a society across age,

ethnic and socioeconomic groups (Ballantyne et al., 2007;

Falk & Amin, 2001; NSB, 2004). Such facilities can play an
important role in teaching environmentally responsible
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behaviors and changing conservation attitudes. When members
of the public engage in organic learning opportunities

mentored by a docent and in conjunction with a conservation
objective, complete with suggested personal actions,
individuals are more likely to actively support

conservation efforts (Swanagan, 2000), retain knowledge and
conservation understanding over time (Ballantyne. et al.,
2007; Lindemann-Matthies & Kamer, 2006), and conceptualize
how their own behaviors and actions can have environmental

consequences (Ballantyne et al., 2007; Fellows, 1994).

Scientific Background of the
Island Fox

The island fox (Urocyon littoralis) has inhabited the

California Channel Islands for a minimum of 6,000 years

(Torben etal., 2009). Descended from the mainland gray fox
(Urocyon cinereoargenteus) , six genetically recognized
subspecies of island fox are found on the six largest

islands: San Miguel, Santa Rosa, and Santa Cruz Islands in
the north, and Santa Catalina, San Clemente and San Nicolas

Islands in the south (Moore & Collins, 1995).

Approximately 12 inches tall, the island fox is the

smallest canid in North America (Moore & Collins, 1995) and
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the largest endemic terrestrial animal on the California

Channel Islands (Schoenherr, Feldmeth & Emerson, 1999). As

an omnivore with seasonal dietary preferences (Collins,

1980), the island fox plays a unique role in the Channel
Islands ecosystem (Collins, 1980; Drost, Schwemm, Coonan, &
Richards, 2008) .

Since the arrival of Europeans, Channel Island
ecosystems have been impacted by increasing waves of human

activity, including the introduction of wild game and
domestic herbivores: deer, elk, goats, sheep, and swine
(Schoenherr et al., 1999). In 1994, island fox populations

across their six habitats were cumulatively estimated at

6,000 individuals (Roemer, Coonan, Munson et al., 2004). By
2002 these same populations had declined precipitously to
less than 1,500, leading The World Conservation Union

(IUCN) to designate four populations as critically
endangered (Roemer, Coonan, Munson et al., 2004). This

rapid plunge toward extinction was caused by direct and

indirect actions of local citizens, both on the mainland
and on the Channel Islands (Roemer, Coonan, Munson et al.,

2004; USFW, .2004, 2005) .

32

Local agricultural and urban use of DDT in mainland
watersheds, as well as illegal dumping of the insecticide

in the Santa Barbara Channel, caused the extinction of the
bald eagle across all of the Channel Islands (Schoenherr et
al., 1999). As a piscivorous species, the bald eagle

(Haliaeetus leucocephalus) had shared the island ecosystem

with the tiny, 3-6 pound, island fox without posing a
predatory threat (Erlandson, Rick, Collins, & Guthrie,

2007). As bird populations recovered following the 1972 ban

of domestic DDT use, another raptor species, the golden

eagle (Aquila chrysaetos), colonized the northern islands
and began preying on island foxes (Collins & Latta, 2008;

Roemer, Coonan, Garcelon et al., 2001; Roemer, Coonan,

Munson et al., 2004; USFW, 2005). Between 1994 and 2000,
island fox populations across the northern islands declined
by 88%, only 15 foxes remained on each of San Miguel and

Santa Rosa Islands (Coonan, Schwemm, Roemer, Garcelon, &
Munson, 2005; Roemer, Coonan, Munson et al., 2004; USFW,
2004, 2005).

Concurrently, in 1998, either a domestic dog or a wild

carnivoran transported to Santa Catalina Island provided
the vector to transmit the distemper virus to the island
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fox population (Roemer, Coonan, Munson et al., 2004).

Within two years over 85% of the Catalina Island foxes were
dead (USFW, 2004) . Because the island fox plays an integral

role in its biological community, the health of these

island ecosystems was also threatened (Drost et al., 2008).
As these environmental catastrophes transpired, few

California residents were aware of the situation. Human
activities on the mainland and on the Channel Islands

continue to impact wildlife populations and ecosystems. The

long-term success of efforts to save island fox populations
and to preserve island habitats depends on a knowledgeable

loca'l citizenry (Coonan, 2003; Roemer, Coonan, Munson et

al., 2004; USFW, 2005).

The Effect of Community Knowledge
on Endangered Species
Conservation
A keystone species is "a species on which other
species in an ecosystem largely depend, such that if it

were removed the ecosystem would change drastically"

(McKean, 2005, p. 927). The island fox is a keystone
species on the six Channel Islands where it resides

(Schoenherr et al., 1999). As the island ecosystem's

charismatic megafauna, or attractive large mammal species,
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the island fox also offers an opportune focus for

environmental education (Barney et al., 2005).
Environmental education efforts centered on a specific

figurehead species are more successful at attracting

participation than those addressing a broad abstract theme
(Barney et al., 2005; Kollmuss & Agyeman, 2002). Current
island fox populations are increasing in number (Coonan,

2007a; Coonan, 2007b; King, 2007; Wolstenholme, 2007), but
the long-term sustainability of this species and its island

habitat is dependent upon the involvement and commitment of
local communities (Coonan, 2003; USFWS, 2004).

Conservation efforts frequently fail without the
support of an informed citizenry (Jacobson et al., 2006;
Reading & Kellert, 1993; Yaffee, Phillips, Frentz, Hardy,

Maleki, & Thorpe, 1996). Land managers cite public

resistance as the number one obstacle to ecosystem manage
ment (Yaffee et al., 1996). Opposition to conservation

efforts can occur unnecessarily when a community lacks
knowledge of complex environmental problems and feels that

local issues are being resolved by outside government
agencies and environmental organizations (Jacobson et al.;
Peterson & Horton, 1995; Yaffee et al., 1996). Investment
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in community education can provide a vital bridge toward
maximizing investment in government regulation, land

acquisition, and habitat restoration (Elder, 2003, p. 34;

Johnson-Pynn & Johnson, 2005). Informed citizens are
"better land stewards and minimize their negative impacts"
on sensitive ecosystems (Elder, 2003, p. 34) .

A survey of administrators overseeing biodiversity
action plans throughout the United Kingdom found that 58%

included environmental education initiatives as an
important part of their plans (Young, 2001). Over 90% of

these administrators considered educational efforts vital
for developing public awareness and participation in local

biodiversity action plans (Young, 2001).
Research has shown that the most persuasive motivator

for saving an endangered species is not aesthetics, but

knowledge (Tisdell, Wilson, & Nantha, 2006). Educational

approaches which stress critical thinking and science in

combination with sociological ethics and morality are more
successful at prompting action on behalf of endangered

species than those based solely on emotion (Brackney &

McAndrew, 2001) .
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Providing information to community members, despite

their ecological worldview, can greatly impact their
attitude toward conservation efforts on behalf of a species
(Brackney & McAndrew, 2001). Even if a species is initially

perceived as a pest, Tisdell et al.

(2006) have shown that

a small amount of education can positively affect the sense

of a species' value. When study participants were provided

information about previously unknown animals, endangered
animal species that had been considered valueless rose to
the status of "vital to save" over more well-known and

charismatic species (Tisdell et al., 2006).
Knowledge about an endangered species not only
increases intellectual and moral concern, it also reduces

negative human behavior directed toward the species and its

environment (Barney et al., 2005). A simplistic, positive
attitude toward a species, on the other hand, has no effect
on environmentally-positive behavior (Barney et al., 2005).
Barney et al.

(2005) studied knowledge and attitude

toward dolphins as expressed by students from elementary

through graduate school. They found that the more

comprehensive an individual's knowledge of an endangered

37

species, the more inclined that individual was to avoid

behavior detrimental to the animal.
The acquisition of environmental knowledge and

environmental action skills not only impact the individual

learner directly, but can also change communities. In a
review of an environmental education program focused on the
scarlet macaw in Costa Rica, Duvall and Zint (2007)
demonstrated student programs can result in a more informed

community. Pre- and post-tests revealed that parental

knowledge of the scarlet macaw had improved 52% and
knowledge in a random comparison group within the village
had improved 29% (Duvall & Zint, 2007; Solorazano & Ray,

2003). Environmental education with a specific objective
can promote intergenerational learning and can make inroads

into changing behaviors in a community (Duvall & Zint,
2007; Solorazano & Ray, 2003).

Docents can provide a similar system for transmitting
environmental knowledge and attitudes through the
institutions where they interact with the public

(Lindemann-Matthies & Kamer, 2006; Swanagan, 2000) and

through their personal connections in the community. Docent
knowledge of a local keystone species, like the island fox,
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can have profound conservation value (Tisdell et al., 2006)
and educational significance because of the species'
symbiotic relationship with other organisms within the

local ecosystem. Environmental education that informs the
public helps the community develop skills for analyzing all
sides of issues and can inspire a sense of common

responsibility toward local wildlife and environmental

issues (Duvall & Zint, 2007; Jacobson, et al., 2006).
The accumulated research shows that knowledge can help

citizens of all ages make more informed choices about

personal behavior, but attitude plays an integral role in

motivating behavior. Environmental knowledge among docents
at science and conservation facilities has not been
studied, nor have their environmental attitudes. Will

increasing docent knowledge about a local endangered
species also change their environmental attitude?
Simplistic pro-environmental motivation driven by
aesthetics does not result in long-lasting behavior change.

Will higher levels of knowledge promote an evolution of
environmental attitude toward a more complex attitude

motivated by an ecoscientific worldview?
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CHAPTER THREE

METHODOLOGY

Introduction

This quasi-experimental, evaluation study concerned a

convenience sample of docents and volunteer naturalists
participating in an environmental education training

session: The Island Fox Workshop. Pre- and post-Workshop
surveys provided quantitative data regarding the

experimental sample's knowledge of the endangered island
fox, the Channel Island ecosystem, and their environmental
attitude. Responses to the pre- and post-Workshop surveys

were statistically analyzed using SPSS Statistics 17.0
software and compared to two control samples: one comprised

of the general public and one comprised of a group of non

participating docents from another institution.

Participants
A convenience sample of 193 participants (n-193) were
recruited in three Pools: Pool A - General Public (n=50),
Pool B - Control (n=72), and Pool C - Experimental (n=71).
All individuals willing to participate were selected as

long as they were adults (age 21 and older).
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o

Pool A: Fifty individuals from the general public

were recruited to complete Survey 1 in the autumn of
2008 (n=50). Respondents were contacted through

several social and professional networking groups.
The majority of individuals had little, or no, prior

contact with the researcher and were not known to be
affiliated with either a wildlife or conservation
organization.

o

Pool B: Seventy-two docents at the Los Angeles Zoo

and Botanical Gardens were randomly recruited from

350 individuals at the annual Docent Update., that

took place September 20, 23 and 25, 2008 (n=72).
Participation in Survey 1 was voluntary and included

a willingness to complete a second survey (Survey 2)
a month later (n=40). Members of this sample did not

attend the treatment Workshop and had minimal to no
contact with Workshop participants.
o

Pool C: The experimental sample consisted of 71

docents and educational volunteers, from six
institutions, participating in the Island Fox
Workshop, October 4, 2008 in Santa Barbara,
California. The Workshop was hosted by the Santa
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Barbara Museum of Natural History and conducted by
Friends of the Island Fox, Inc. Participation in the
Workshop was an optional continuing-education
opportunity. Pre-surveys were completed during

morning registration prior to the Workshop (n=71).
Post-surveys were completed at the end of the

Workshop (n=50). Participants did receive volunteer

hours for participation in the Workshop, but
completion of the pre- and post-surveys (Survey 1

and 2) was completely voluntarily and without
remuneration.

The only notable difference among the Pool

participants was gender. Both Pool B and Pool C were

predominantly female (see Table 1), a typical profile for
docent populations.
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Table 1. Pool Participants
Median

Age

Sample

Age

Range

Male/Female

Size

(Years)

(Years)

Ratio

Survey

Pool

Survey 1

Pool A

n=50

48.5

21 - 87

50%/50%

(Pre)

Pool B

n=72

60

22 - 82

13.9%/86.1%

Pool C

n=71

55

21 - 83

28.2%/71.8%

Survey 2

Pool B

n=40

63.5

43 - 80

12.5%/87.5%

(Post)

Pool C

n=50

59

21 - 83

25.9%/74.1%

Docent and volunteer naturalists were chosen for this

study because as informal educators they can have an
important influence on the environmental knowledge and

attitudes of school children and members of the public.
The Island Fox Workshop participants (Pool C) were

individuals with a predisposition toward conservation and

ecoscientific knowledge, as well as positive attitudes
toward the environment. To identify an appropriate control

sample for Pool C, their environmental knowledge and
attitudes were compared to two other samples: Pool A,
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composed of members of the general public, and Pool B, a
sample of docents at a comparable institution.
All three samples, Pool A, B, and C, completed.the

pre-treatment Survey 1. Pool B was found to be most

comparable in environmental knowledge and attitudes to Pool

C and therefore the best choice for a control sample. The
post-treatment Survey 2 was then applied to the control

group (Pool B) and the experimental group (Pool C) to
determine the treatment's effectiveness.

Survey Design and Validity
The pre- and post-surveys (Survey 1 and Survey 2) were

composed of five sections:
(three items)

1)

sociodemographic,

2)

self-perception of knowledge regarding a local
endangered species, the island fox (one item)

3)

knowledge of natural systems and ecology of the
island fox (thirteen items)

4)

attitudes toward the environment and the island fox
(five items)

5)

practices: pre-survey - current teaching practices
(one item); post-survey - future teaching
practices (4 items)
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For complete survey texts, see Appendices A and B.

Sociodemographic questions related to age, gender, and

group or institutional affiliation. The demographic data
contributed to determining an analogous control for the

experimental sample.
A self-perception statement queried respondents to
rate how knowledgeable they believed themselves to be about

a local endangered species and its ecosystem. Answers were
stated using a Likert-type scale. This question provided

information regarding perceived levels of knowledge in the
pre-survey and changes regarding self-perception of

knowledge in the post-survey.
Ecoscientific knowledge questions concerning island

fox conservation, biology, and Channel Island ecosystems

were developed with guidance from Friends of the Island
Fox, Inc., the nonprofit educational and conservation

organization conducting the Island Fox Workshop. The focus

of the thirteen knowledge questions related to five key
points:

•

The island fox's role as a keystone species in the
Channel Island ecosystem
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Connections between mainland, marine and island

ecosystems
•

Human impacts on ecosystems, positive and negative

•

Island fox recovery, the ongoing process and
dependence on community awareness and participation

•

Individual behavior choices that impact the survival

of a local endangered species
Knowledge statements were structured on a 5-point

Likert-type scale with answers ranging from "Strongly
Disagree," " Some What Disagree," and "Not Sure," to "Some
What Agree," and "Strongly Agree." For copies of SURVEY 1 -

PRE-WORKSHOP SURVEY and SURVEY 2 - POST-WORKSHOP SURVEY see
Appendix A and Appendix B, respectively.
Statements were both positively and negatively worded

to avoid an agreement bias (Fernandez-Manzanal et al.,
2007).
The knowledge questions in Survey 2 were not exactly

the same as Survey 1. However, both instruments focused on
the same topics. The reason the questions were slightly
different reflects the population being studied. Docents

are typically inquisitive by nature and devoted to lifelong
learning. There was a concern that members of the control
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group would search out answers for any statements they had
questioned on the initial survey. If the exact statements

were repeated, there was a probability that the control
group would be compromised. For the experimental sample,

there was concern that because the time interval between
the pre- and post- instrument was only a few hours, that

they might not take the questions under the same serious
consideration if they were exactly the same.
Attitudes toward the environment were queried through

responses to five statements.
The first four attitude statements were based on the

Kellert Attitude Scale (Kellert, 1996, p. 130). This scale,
developed by Stephen Kellert of the Yale School of Forestry
and Environmental Studies, correlates nine distinct

attitudes toward nature or a specific animal species .and

predicts human behavior toward the subject in question. The
scale has been used in numerous studies to measure

environmental attitudes and predict conservation behavior
toward endangered species: dolphins (Barney et al., 2005),
sea turtles (Dimopoulos & Pantis, 2003), and black-footed

ferrets (Reading & Kellert, 1993).
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Of Kellert's nine attitudinal values of nature,
statements for the survey were developed from the four
attitudes most typically used in comparable studies (Barney

et al., 2005) :

• Aesthetic:

Physical attraction and appeal of
nature

• Moralistic:

Ethical and spiritual relation to
nature

• Utilitarian:

Nature as a source of material and

physical reward
• Scientific:

Knowledge and understanding of nature

In addition to the attitude statements developed using
the Kellert Scale, a fifth attitude statement was included

that related to internal locus of control, or an

individual's belief that they can impact the world outside
of themselves (Culen, 1998, p. 41). Empowerment variables

such as an internal locus of control, knowledge of action

skills, and an intention to act, enable individuals to
implement what they have learned and play an active roll in
problem-solving (Culen, 1998, p. 41). The personal locus of

control statement is referred to here as a global action
attitude.
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The five attitude statements developed for the preand post-surveys were:

1- Aesthetic (Kellert based): The island fox should be

preserved because it is a beautiful animal.
2. Moralistic (Kellert based): Human activity nearly

caused the extinction of the island fox, we have a
moral obligation to help it.

3. Utilitarian (Kellert based): Island fox populations

should be restored because they will increase ecotourism and income to the Southern California area.

4 . Scientific (Kellert based) : Reestablishing island

fox populations is vital to a healthy Channel Island

ecosystem.
5. Global Action Attitude (Culen based): Helping a
local endangered species, like the island fox, makes
a difference in the world.

Attitude questions were structured on a 5-point

Likert-type scale with answers ranging from "Strongly
Disagree," "Slightly Disagree," and "Not Sure," to

"Slightly Agree," and "Strongly Agree."
The last section on the survey related to teaching
practices. The pre-Workshop Survey 1 had one question
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regarding current use of the island fox as an example of
local conservation. The post-Workshop Survey 2 repeated

this question and additionally asked Pool C individuals the

likelihood of their future use of the teaching activities
presented during the Workshop.

These 5-point Likert-type scale statements employed
the same answer responses as the attitude statements:

"Strongly Disagree," "Slightly Disagree," "Not Sure,"
"Slightly Agree," and "Strongly Agree." The practices

statements sought to ascertain the perceived practical
value of the experiential activities and the participant's

degree of motivation to convey the newly acquired
environmental information and skills to others.
All surveys were anonymous to encourage participation
and truthfulness in attitudinal questions.

A Cronbach's alpha coefficient was used to measure
internal consistency of the survey instrument (SPSS faq,

2009). An alpha coefficient of .70 supports high internal
validity of an instrument scoring ordinals (McMillan &

Schumacher, 2006, p. 187). The Cronbach's alpha coefficient
of reliability was .51 for Survey 1 and .64 for Survey 2.
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Treatment: Island Fox. Workshop
Summary
The treatment consisted of participation in a day-long

Island Fox Workshop presented as a joint effort between the
Friends of the Island Fox, Inc., the Santa Barbara Museum

of Natural History (SBMNH), the Santa Barbara Zoo and the
Ty Warner Sea Center. The event included current

historical, biological, and ecoscientific information about
the island fox presented by Dr. Paul Collins, Curator of

Vertebrate Zoology, SBMNH; Pat Meyer, President of Friends

of the Island Fox, Inc.

(FIF), and Keri Dearborn, V. P. of

Education for FIF (see Appendix C).
The Workshop focused on the connection between human

activity and the demise of the island fox, as well as the
vital role people have played in the recovery of this
endangered species. Discussion highlighted the relationship

between the island fox, the local community, various
agencies and institutions, and the sustainability of the
Channel Island ecosystem.
Integrated throughout the day were environmental
education models and methodologies conveyed through

experiential activities:
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1. "Island Bioweb"

an interactive, place-based,

systems thinking and experiential teaching activity

(see Appendix D)
2. "It's An Island" - a group, constructivist and
systems thinking activity (see Appendix E)

3. "How Many Foxes" - a systems thinking activity (see
Appendix F)

Additional displays and demonstrations employed
placed-based education, action skills, and inquiry-based
critical-thinking (see Appendix C.). The Workshop concluded

with an opportunity to experience a live island fox.

Data Analysis Procedures

SPSS Statistical 17.0 software was used to analyze the
data. Percentages, means, mode, standard deviations and

standard error of means for sample data were determined
through descriptive statistics. Cronbach's alpha
coefficient of reliability was applied to the pre- and

post-surveys. Paired sample t-tests of means determined
significant differences in data sets. Analysis of bivariate
correlations between knowledge and environmental attitudes

were determined through Pearson's correlation. A 2-tailed

52

test of statistical significance was conducted to test the

null hypothesis p=0.

Sociodemographic
Median age in years and age range were calculated for

each sample Pool. The percentage of each gender was
tabulated for each Pool.

Self-Perception of Knowledge
A single statement on both Survey 1 and Survey 2 asked
respondents to self-evaluate if they were knowledgeable

about the island fox and its ecosystem. Percentages were

calculated for the number of responses to the. five Likerttype scale answers: "Strongly Disagree," "Some What

Disagree," "Not Sure," "Some What Agree," and "Strongly
Agree." These percentages were compared among the three

Pools on the pre-survey and between Pool B and Pool C on
the post-survey. Changes between the pre- and post-Workshop

surveys (Survey 1 and Survey 2) were also compared for Pool
B and C.
Knowledge

Participants expressed their knowledge of factual
information by responding to the thirteen 5-point Likert-

type scale statements. Answers ranged from "Strongly
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Disagree," "Some What Disagree," "Not Sure," "Some What

Agree," to "Strongly Agree."

Following a modified model of the methodology used by
Barney et al.

(2005) regarding a survey of participants'

knowledge, attitude, and behavior toward dolphins,

participant responses to the knowledge section of the

survey were weighted. Responses to true statements were

weighted:

(Not Sure)=0,

Disagree)=2,

(Strongly Disagree)=1,

(Some What Agree)=4,

(Some What

(Strongly Agree)=5.

Scoring weights were reversed for false statements. The
summed "cumulative knowledge" scores had a potential range

from 0 - 65.
Neutral responses were weighted 0 because they were
indicative, for the most part, of no information or belief.
Providing a value of 1 point for completely wrong answers

and 2 points for wrong answers allowed the tracking of

misconceptions and the progression of change in knowledge.
The cumulative knowledge means from Survey 1 were

compared among the three Pools. Paired sample t-tests
determined whether there was a significant difference
between the mean knowledge scores of Pool C and the other
two Pools (A and B) on the pre-treatment survey.
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Responses to individual knowledge statements were
compared between Pool C and Pool B by looking at the
percentages of answers on the Likert-type scale for both
the pre- and post-surveys.

Paired sample t-tests were used for both Pool B and
Pool C to analyze the pre- and post-treatment surveys and
any demonstrated change in cumulative knowledge mean.

Attitudes
Attitude statements were structured on a 5-point

Likert-type scale with answers ranging from "Strongly
Disagree," "Slightly Disagree," and "Not Sure," to

"Slightly Agree," and "Strongly Agree."
Responses.to each attitude statement were compared

between the three Pools (A, B, and C) by looking at the

percentages of each answer choice on the Likert-type scale
on Survey 1 (pre-treatment).
On the post-treatment Survey 2, paired sample t-tests

were used to determine significant changes in attitude data
for Pool B and Pool C.
The relationship between environmental attitudes and

knowledge level was also analyzed. A Pearson correlation

coefficient of r established any statistically significant
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relationships between cumulative knowledge and the five
environmental attitudes. Bivariate correlation statistics

were calculated for all Pools combined in the pre-treatment
Survey 1, and for Pool B and Pool C, separately, in the
post-treatment Survey 2.

Practices
Survey 1 included a single question relating to
current teaching practices. Survey 2 repeated this initial
question and contained three additional questions referring

to future practices.
The answers among Pool B and Pool C respondents to the

single question on Survey 1 were compared by analyzing the

percentages of responses to each of the five Likert-type
scale answers: "Strongly Disagree," "Slightly Disagree,"

"Not Sure," "Slightly Agree," and "Strongly Agree."
On the post-Workshop Survey 2, only the first question

(which was restated from Survey 1) applied to both Pool B
and Pool C. Response percentages were compared between Pool

B and C, as were any changes reflected in answers between
the pre- and post-Workshop surveys.
The three additional questions pertained to future use

of activities presented during the Workshop. Only members
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»

of Pool C answered these questions and the percentages of
responses to the five Likert-type scale choices were
analyzed.
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CHAPTER FOUR
RESULTS AND DISCUSSION

Introduction
The findings strongly supported the hypothesis that

in-depth training of docents and volunteer educators would
increase their knowledge of the conservation problems and
solutions pertaining to a local endangered species, and

enhance the complexity of their environmental attitude.
Workshop participants showed an increase in individual

locus of control and expressed a belief that they would
employ the environmental education methodologies learned
during the Workshop. They also indicated they would use the

example of the local endangered island fox as a successful
conservation model.

Findings
The study findings are set forth in six sections: An

Appropriate Control Sample, Self-Perception of Knowledge
Pre- and Post-Workshop, Comparison of Knowledge Pre- and
Post-Workshop, Comparison of Attitudes Pre- and Post

Treatment, Correlation Between Knowledge and Attitudes, and
Current and Future Teaching Practices.
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An Appropriate Control Sample

To provide more comprehensive data, an appropriate
control sample was needed to compare with the experimental

sample (Pool C, n=71). Pool C and two additional

independent samples, Pool A and Pool B, completed Survey 1.
Pool A (n=50) consisted of members of the general public
and Pool B (n=72) consisted of docents at the Los Angeles

Zoo and Botanical Gardens. As stated previously in Table 1,

the three samples were comparable in median age and age

range.

In order to establish the best constituency for a
control sample, two Null hypotheses were proposed:

1.

The experimental sample was comparable in knowledge
and environmental attitude to the general public.

2.

The experimental sample was comparable in knowledge
' ''j

and environmental attitude to docents at other
biological/conservation focused institutions.
Mean cumulative knowledge scores were compared between

Pool C and the other two Pools (A and B)
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(see Table 2).

Table 2. Survey 1, Compared Cumulative Knowledge Scores,
Pools A, B, and C

Mean

Median

Minimum

Maximum

A (n=50)

28.22

28

8

56

B (n=72)

40.97

43

5-outlier; 16
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C (n=71)

41.15

44

16
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Pool

A paired sample t-test of the mean cumulative

knowledge scores between Pool A (the general public) and

Pool C (the experimental sample) resulted in a moderately
significant difference,

(M=28.22 vs M=41.32), t=2.26,

p<0.05.
Both Pool B (non-participant docents) and Pool C
demonstrated higher cumulative knowledge levels than the

general public on Survey 1. A paired sample t-test
comparing the two mean cumulative knowledge scores revealed
that, prior to the treatment, there was no statistically
significant difference in the knowledge level between Pool

B and Pool C (M=40.85 vs M=41.15) t=-0.168, p>0.86.
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Comparison of attitudes toward the environment
produced similar findings. Over 85% of individuals from
both Pool B and Pool C responded that they "Strongly

Agreed" with scientific and internal locus of control

motivations for protecting an endangered species, as

compared to 40% and 48% respectively for Pool A. This
finding is not surprising as the individuals in Pool B and
Pool C had chosen to volunteer at biological,
ecoscientific, and conservation-minded institutions.

Environmental attitude data from Survey 1 demonstrated the
disparity between Pool A and Pool C, and the similarities
in attitudes between Pool B and Pool C (see Table 3).

After comparing cumulative knowledge scores and
attitude responses on Survey 1, a best control sample could

be determined between Pool A and Pool B.

Null hypothesis 1 was disproved; the experimental
sample (Pool C) was not comparable to the general public

(Pool A) regarding initial knowledge or attitudes.
Null hypothesis 2 was supported; the experimental
sample (Pool C) was comparable in initial knowledge and
attitudes to the non-participant docent sample (Pool B).

Pool B therefore was the best control sample for Pool C.
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Table 3. Survey 1, Comparison of Environmental Attitudes, Pools A, B, and C
Attitudes'

SA

A

NS

SD

D

c

A

B

C

A ’

B

C

A

B

C

A

B

Aesthetic

42%

69%

63%

22%

19%

17%

28%

3%

14%

6%

4%

1%

Moralistic

42%

74%

63%

22%

13%

17%

34%

8%

11%

0%

4%

10%

24%

27%

18% 21%

13%

50%

22%

27%

4%

40%

86%

86%

26%

8%

4%

34% 4%

10%

48%

92%

87%

22%

6%

6%

26%

7%

Utilitarian
CT|
FO

B

C

2%

4%

4%

4%

2%

1%

4%

15%

9%

18%

18%

25%

0%

0%

0%

0%

1%

0%

4%

0%

0%

0%

1% ' 0%

A

Scientific

Global Action

1%

Notes: In the table above the following are abbreviations for responses on a Likerttype scale: SA= Strongly Agree; A=Slightly Agree, NS=Not Sure, D=Slightly Disagree,
SD = Strongly Disagree. A represents Pool A responses, B represents Pool B
responses, C represents Pool C responses. •

Self"Perception of Knowledge Pre- and Post-Workshop
The data reported regarding self-perception of

knowledge, from Survey 1, supported the comparative
findings on knowledge revealed by the three sample Pools.

Pool C perceived their pre-treatment knowledge of the
island fox and the Channel Island ecosystem to be greater

than the general public perceived their knowledge of the
topic. The data from the knowledge questions on Survey 1

supported the beliefs of both Pool C and Pool A.

Pool C's self-perception of knowledge was in
accordance with Pool B, fellow docents at another

biological/conservation institution (see Table 4). Both
Pool C and Pool B had a core group of individuals that were

somewhat knowledgeable about the island fox and then a
range of responses across a comparable curve.

63

Table 4. Survey 1, Self-Perception of Knowledge

I believe that I am knowledgeable about the island fox

HI Pool A

E Pool B
□ Pool C

Notes: Graph abbreviations for responses: "S Disagree"=
Strongly Disagree, "SW Disagree"=Some What Disagree, "SW
Agree"=Some What Agree, "S Agree"=Strongly Agree

Though Pool C was more knowledgeable than the general

public, Survey 1 (pre-Workshop) showed that Pool C
individuals did not consider themselves confidently

knowledgeable about the island fox. Survey 2 results
regarding the same statement showed a dramatic change in

the participants' self-perception (^ee Table 5). This

finding mirrors the confidence expressed by in-service

teachers following a similar in-depth watershed workshop
studied by Meichtry and Smith (2007).
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Table 5. Pool C, Comparison of Self-Perception of
Knowledge, Pre- and Post-Workshop

Pool C - Believe knowledgeable about island fox
■ Pre-Workshop

B Post-Workshop

S DisagreeSW Disagree Not Sure SW Agree

S Agree

Unlike the Meichtry and Smith (2007) study, however,

here there was a control sample (Pool B) to which the
Workshop participants could be compared. Pool B did not
express an equivalent change in 'self-confidence in regard
I

to knowledge (see Table 6). For the control sample, Pool B,
i
the responses across the. range of self-perceived knowledge
levels remained almost exactly Jhe same from the pre-survey

to the post-survey.

i
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Table 6. Pool B, Comparison of Self-Perception of Knowledge
Pre- and Post-Survey

Pool B - Believe knowledgeable about island fox
■ Pre-Workshop

S Post-Workshop

S DisagreeSW Disagree Not Sure SW Agree

S Agree

Comparison of Knowledge Pre- and Post-Workshop

Prior to the Island Fox Workshop, both the control

sample, Pool B, and the experimental sample, Pool C,
demonstrated moderate levels of knowledge regarding the
island fox and the Channel Island ecosystem. However, there

were several areas where knowledge was lacking and
misconceptions that were harbored could be misleading if

conveyed to the public. Identifying these misconceptions
was essential in the constructivist approach to rebuild
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accurate learner knowledge during the workshop (DiEnno &

Hilton, 2005).
A third of the Pool C participants were initially

unfamiliar with which islands were inhabited by the island
fox. A large percentage of the participants were also
unaware of the island fox's omnivorous habits, which are

integral to its position as a keystone species (Table 7).

Table 7. Survey 1, Pool B and C-: "The Island Fox Is Solely
Carnivorous." (False Statement)

The island fox is solely carnivorous.
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A vital interconnection between the island fox and the
marine ecosystem concerns this small mammal's relationship
with the bald eagle. Again, a third of Pool C were unclear

about the island foxes' historic relationship with the bald
eagle.
Two major misconceptions were revealed in the pre

survey: 1) A majority of participants believed "illegal

hunting threatens" the island fox; a completely false
statement (see Table 8). 2) A mere 5% of the participants

realized that only four of the six subspecies of island fox
are endangered. In both cases, these misconceptions were

shared by the control, Pool B. This knowledge gap
concerning local endangered species echoes the findings of

Barney et al.

(2005) and Dimopoulo & Pantis (2003).
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Table 8. Survey 1, Pool B and C: "Illegal Hunting Threatens
Island Foxes." (False Statement)

Illegal hunting threatens island foxes.
■ Pool B

50-i
%

■ Pool C

S Disagree SW Disagree

Not Sure

SW Agree

S Agree

Natural systems are interconnected and interdependent.
This has become a vital message in environmental education
and global sustainability (PCSD, 1994) . Docents at
institutions committed to environmental conservation need

to be able to convey this sense of connectedness to the
general public. Training docents to be conduits for this

message can be a challenge when even this knowledgeable
population does not appreciate the interwoven relationships
between ecosystems. Responses to one of the statements
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revealed a perceptional disconnect between island
ecosystems and mainland ecosystems.

As in Johnson and Smith-Sebsto's 2000 findings, the
majority of respondents understood the threat posed by

water pollution. Between Pool B and Pool C, 70.4% answered
"Strongly Agree" and 18.3% answered "Some What Agree" to

the statement "Toxins in local mainland watersheds affect

Channel Island ecosystems." But, Table 9 shows the same
majority believed that island ecosystems were "very

separate from marine and mainland ecosystems."

Table 9. Survey 1, Pool B and C: "Channel Island Ecosystems
Are Very Separate From Marine And Mainland
Ecosystems." (False Statement)

Island ecosystems separate from mainland

%

40 -r

■ Pool B
S Pool C

o

S Disagree

SW Disagree

Not Sure

70

SW Agree

S Agree

Even among individuals who were otherwise well-

informed there were misconceptions that illegal hunting
threatens island foxes, that all island foxes are

endangered, and that Channel Island ecosystems are very
separate from marine and mainland ecosystems. These schisms

in public awareness actually affected the Cronbach's alpha

coefficient of reliability for Survey 1. Removing these
statements from the instrument increased the alpha from .54

to .70. However, especially since the sample represents
educators who could act as conduits for perpetuating
misconceptions about local environmental conditions, it was

vital to maintain these questions in the. survey to
determine the extent of such erroneous thinking.

In the post-Workshop survey, Survey 2, the mean
cumulative knowledge score increased for both Pool B

(control) and Pool C (experimental). While both increases

were statistically significant, the change in the
experimental sample, Pool C was highly significant when
analyzed through a paired sample t-test (see Table 10).
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Table 10. Survey 1 and 2, Cumulative Knowledge Means Paired
Samples t-test for Pool B and C
Mean

n

Std. D.

Std. Err M

Survey 1

42.13

40

9.55

1.51

Survey 2

50.45

40

11.47

1.81

Survey 1

40.66

58

11.82

1.55-

Survey 2

58.88

58

3.89

0.51

Pool
Pool B

Pool C

95% Confidence Interval

Pool

Mean

Std.

Std.

Dif f.

Dev.

Err

Lower

Upper

t

df

P

M

B

8.33

16.09

2.54

3.10

13.47

3.27

39

.002

C

18.22

12.92

1.70

14.83

21.62

10.74

57

.000

The mean cumulative knowledge score for the Workshop

participants, Pool C, increased 18.22 points. The mean for
the control sample, Pool B, only increased 8.33 points.
While an increase in the knowledge score could have been an

artifact of Survey 2, the significant improvement seen in
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the experimental sample over the control sample, suggests
the Workshop was the source of the knowledge change. It is

improbable that the increase in Pool C's knowledge was due

to chance or the testing instrument.
The experimental group, Pool C, gained knowledge
regarding the island fox's specific role in the Channel

Island ecosystem, while the control group, Pool B, did not
(see Table 11).

Table 11. Survey 2, Pool B and C: "The Island Fox Is The
Largest Terrestrial Predator On The Channel
Islands."

Island fox is largest predator on islands

I Pool B
E3 Pool C

S Disagree SW Disagree

Not Sure
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SW Agree

S Agree

Similarly, 94.8% of Pool C understood the island fox's
symbiotic relationship with island plants, versus only
35.0% of the control sample.
The Workshop participants developed a better

understanding of the intricate connection between the
island fox and the bald eagle. The greater majority of Pool

C, 87.9%, understood that bald eagles and island foxes do
not compete for resources, compared to 65.0% of Pool B.

Pool C demonstrated concrete understanding of the

environmental threats to the endangered island fox: 93.1%
accurately identified feral cats as threats, 87.9%
understood that global warming affects island ecosystems,

94.8% realized domestic pets posed a disease vector, and
96.6 % identified human behaviors in campgrounds that could

negatively impact endangered island foxes. As seen in

Barney et al.

(2005), greater knowledge allowed for greater

understanding of responsible behavior that could affect the

endangered species in question.
As well as a significant increase in knowledge, the

Workshop participants demonstrated a change in
understanding that people can have positive affects on the
environment; 75.9% identified that island fox populations
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would have gone extinct without human assistance, compared

to 65.0% of the control group. As Table 12 illustrates, the
experimental sample also had a greater perception of the
endangered island fox as a positive conservation story with

teaching potential.

Table 12. Survey 2, Pool B and C: "The Island Fox Is A
Positive Conservation Story."

The island fox is a positive conservation story

S DisagreeSW Disagree Not Sure

SWAgree

S Agree

One concept, however, continued to be incorrectly

answered by a majority of both samples: "Endangered island
fox populations have recovered on the Channel Islands." The
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imprecise phrasing in the statement may have created

misunderstanding and therefore an inaccurate accounting of
the knowledge in both samples. This question also caused

some unreliability in the instrument. Without this
statement, Survey 2's Cronbach's alpha coefficient moved up
from .64 to .69.

Comparison of Attitudes Pre- and Post-Workshop
In regard to attitudes toward nature and the island
fox, both the experimental sample, Pool C, and the control

sample, Pool B, demonstrated high levels of the more
complex scientific attitude and the global action-related

internal locus of control in the pre-test, Survey 1.
However, the experimental group presented greater changes

in attitude following participation in the educational
Workshop.

A paired-sample t-test analysis of pre- and post
survey attitudes, showed no statistically significant

change in the control sample, Pool B (see Table 13). In

fact all of the attitudes showed a negative mean

difference.
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Table 13. Pool B, Attitudes: Paired Sample t-test Pre- and
Post-Survey

Attitude

Post

Pre

Mean Diff

t

P

Aesthetic

4.35

4.63

-0.28

-1.36

.18

(1.10)

(0.84)

4.48

4.70

-0.22

-1.12

.27

(1.11)

(0.76)

3.20

3.25

-0.05

-0.17

.87

(1.20)

(1.43)

4.83

4.93

-0.10

-1.00

.32

(0.50)

(0.35)

4.83

4.93

-0.10

-1.16

.25

(0.45)

(0.27)

Moralistic

Utilitarian

Scientific

Global Action

Note: df=39

The experimental Pool C, however, demonstrated a

highly significant increase in moralistic attitude, Sig.

(2-tailed) = .000, p=.01, and a moderately significant
increase in scientific attitude, Sig.

p=.05,

(2-tailed) = .027,

(see Table 14). The increase in moralistic and

scientific environmental attitudes is especially relevant

because they are considered the strongest attitudinal
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predictors of environmentally responsible behavior
(Brackney & McAndrew, 2001).

Table 14. Pool C, Attitudes: Paired Sample t-test Pre- and
Post-Workshop
Attitude

Post

Pre

Mean Diff

t

P

Aesthetic

4.47

4.44

0.03

0.09

.93

(1.05)

(0.92)

4.83

4.21

0.62

3.95

.000

(0.46)

(1.17)

3.02

3.19

-0.17

-0.62

.54

(1.54)

(1.47)

4.95

4.74

0.21

2.27

.03

(0.29)

(0.64)

4.93

4.81

0.12

1.55

.13

(0.32)

(0.54)

Moralistic

Utilitarian

Scientific

Global Action

Note: df=4 9

Though not statistically significant, there was a

decrease in utilitarian attitude as demonstrated by 31% of

Pool C responding "Strongly Disagree" to the attitude
statement regarding economic motivation.
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Internal locus of control, the attitude that helping a
local endangered species makes a difference in the world,
did not statistically show a significant change. The
treatment sample demonstrated a high positive locus of

control on Survey 1, the pre-Workshop survey; 87.3% had
responded "Strongly Agree" to the statement "Helping a
local endangered species, like the island fox, makes a

difference in the world." On Survey 2, 94.8% responded
"Strongly Agree" to this statement.
For the control sample, Pool B, 91.7% percent

responded "Strongly Agree" to the locus of control attitude

on Survey 1. This figure declined to 85.0%. on Survey 2.
Correlation Between Knowledge and Attitude Pre- and
Post-Workshop

Analyzing all responses to the pre-Workshop Survey 1
(n-193) , there was a significant correlation between

knowledge level and attitude. This supports previous

research by Barney et al.

(2005). The data from Survey 1

demonstrated that the higher the knowledge level, the more

likely the respondent was to "Strongly Agree" with an

aesthetic value, moral attitude, eco-scientific value and
locus-of-control action attitude toward the island fox,
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and, though to a less significant correlation, to have a
negative attitude toward valuing the island fox for
economic reasons (see Table 15).

Table 15. Survey 1, Correlation Between Cumulative
Knowledge and Attitudes

p=

Aesthetic

Moralistic

Utilitarian

Science

Action

.00

.01

.05

.00

.00

Notes: Pearson correlations (Sig. 2-tailed)

(n=193)

As stated in the preceding sections, following the
Workshop training, the experimental group (Pool C)
demonstrated improved ecoscientific and conservation

knowledge regarding the endangered island, fox and the local
island ecosystems. These participants (Pool C) also

revealed increased moralistic and scientific attitudes
toward the endangered species and a decrease in utilitarian

attitude. Other environmental education programs have
documented positive changes in attitude in response to

increased environmental knowledge (Johnson-Pynn and
Johnson, 2005). In the case of the Island Fox Workshop, was
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there a correlation between improved knowledge and
heightened levels of environmental attitude?
For the control sample (Pool B), a Pearson correlation

analysis of Survey 2 continued to show a significant
correlation (p<0.01) between cumulative knowledge and
scientific and global action attitudes (see Table 16).

Table 16. Survey 2, Pool B: Correlation Between Knowledge
and Attitude

p=

Aesthetic

Moralistic

Utilitarian

Science

Action

.40

.28

.57

.00

.00

Notes: Pearson correlations (Sig. 2-tailed)

(n=40)

For the experimental sample, Pool C, the Pearson

correlation analysis of Survey 2 responses only detected a
significant link between cumulative knowledge and

moralistic attitude (see Table 17) .

Table 17. Survey 2, Pool C: Correlation Between Knowledge
and Attitude

P=

Aesthetic

Moralistic

Utilitarian

Science

Action

.49

.00

.61

.79

.56

Notes: Pearson correlations (Sig. 2-tailed)
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(n=50)

Why was there no correlation between knowledge and
the higher levels of environmental attitude, scientific and

global action, on the post-survey for Pool C? Both of these
attitudes increased from the pre- to the post-surveys,

however the amount of increase was small because the room
for increase was limited. In the pre-Workshop Survey 1, the
vast majority of Pool C responded "Strongly Agree" to both
the scientific value of the island fox and to its value

locally and globally (see Table 18.) .

Table 18. Pool C, Scientific and Global Action Attitude
Pre- and Post-Workshop
Strongly

Slightly

Not

Slightly

Strongly

Disgree

Disagree

Sure

Agree

Agree

Scientific

Pre

0 %

0 %

9.9%

4.2%

85.9%

Post

0 %

0 %

1.7%

1.7%

96.6%

Pre

0 %

0 %

7.0%

5.6%

87.3%

Post

0 %

0 %

1.7%

3.4%

94.8%

Action
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The control sample, Pool B, similarly had high levels

of scientific and global action attitude on Survey 1, but
they did not show an increase on Survey 2.
For the Workshop participants, Pool C, knowledge

increased significantly, but attitude increased

irrespective of knowledge gain. Scientific attitude rose so
that nearly 100% of the sample responded "Strongly Agree"
to this motivation. Even individuals with less
demonstrative knowledge gain, increased their scientific
valuation of the island fox. The Pearson correlation

between knowledge and scientific attitude actually is
negative, r= -.04, p=0.79 (two-tailed). This is not a
significant figure, but it is unexpected.

Further study of the Pearson correlation analysis
between the five attitudes reveals a statistically
significant relationship between a moralistic attitude and

both the scientific (r=0.58, p=.00 (2-tailed)) and action
attitudes (z^O.,63, p=.00 (2-tailed)). The correlation

between a scientific attitude and the belief that solving
local environmental problems has a global impact (action

attitude), is even more significant,
tailed) ),

(see Table 19).
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(r=0.91, p=.00 (two-

Table 19. Survey 2, Pool C: Statistically Significant
Correlations Between Attitudes
P

Aesthetic/Moralistic

.00

Aesthetic/Utilitarian

.01

Moralistic/Scientific

.00

Moralistic/Action

.00

Scientific/Action

.00

Notes: Pearson correlations (Sig. 2-tailed)

(n=50)

Current and Future Teaching Practices

Prior to the Workshop, 36.6% of Pool C participants

claimed they used the island fox as an example of
"successful local conservation." Following the Workshop,

89.7% of Pool C stated on Survey 2 that they would use the
island fox, in the future, as a model of successful local
conservation (see Table 20) .
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Table 20. Pool C, Use Of The Island Fox As A Teaching
Example, Pre- and Post-Workshop

Use of the island fox as an example
■ Pre-Workshop

n Post-Workshop

S Disagree SW Disagree Not Sure

SW Agree

S Agree

Following the model of Meichtry and Smith (2007),

Survey 2 similarly asked Workshop participants to state

their intention to employ the environmental education

teaching methodologies and activities that had been used
during the Workshop. As Table 21 shows, the majority of
participants expressed they would use the demonstrated

activities with students and/or the public at their various

institutions and facilities.
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Table 21. Survey 2, Pool C: Intention to Use Teaching
Activities

"I will use the activity..."
■ "It's an Island"

[® "Bioweb"
□ "How Many Foxes"

Discussion of the Findings

As expected, both, Pool B (the control sample) and.
Pool C (the experimental sample) demonstrated higher
cumulative knowledge levels regarding the island fox and

the Channel Island ecosystem than the general public (Pool

A) .

Because the knowledge questions were not exactly the
same in Survey 1 and Survey 2, there could be difficulty in

comparing the survey results to each other. However, the

control sample demonstrated- that the amount of change seen
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in the "cumulative knowledge" scores for the experimental
sample were not an artifact of the instrument.

Because Pool C was limited in size and the initial
*
level of environmental attitudes was high, the increase in
scientific and global action attitude did not register

statistically in the post-Workshop Survey 2. However, the

statistics did detect a strong significance in the increase

in moralistic attitude in connection with increased
knowledge levels. There also was a significant relationship

between moralistic attitude and both scientific and global
action attitudes. If the moralistic attitude increased with
knowledge and that attitude was strongly related to
scientific and global action attitudes, then perhaps there

was a significant increase in these attitudes as well.

Unfortunately, the survey instrument was not sensitive
enough to detect it.
The control sample revealed similar initial high
levels of scientific and global action attitude on the pre

survey. Pool B, however, did not demonstrate increases1in
either scientific or global action attitude on the post

survey. Therefore, there is a high probability that the
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treatment was the influential factor in increasing these

attitudes in Pool C.

If the attitude section of the survey had required
respondents to rank the five values, from "most important"

to "least important," then the measurement of change in

attitude might have been more statistically sensitive.
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

Introduction
The conclusion summarizes the thesis study's

successes, limitations, and potential ramifications.

Recommendations for further research follow.

Conclusions
The study demonstrated that a comprehensive

environmental education program can significantly improve

adult knowledge of a local environmental problem. The pre
Workshop survey also validated previous research by Barney

et al.

(2005) in regard to the significant connection

between higher knowledge levels and a scientific-based

environmental attitude.

As well as demonstrating highly significant increases
in knowledge levels, docents completing the Island Fox
Workshop revealed significantly heightened pro-

environmental attitudes in a post-survey.
The control sample of non-participant docents did

exhibit an increase in knowledge from the pre- to the post

survey, but the improvement was less statistically
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significant than the knowledge increase in the experimental

group. The knowledge increase in the control sample was
probably an artifact of the post-survey, because these
individuals did not manifest a change in attitude.
These findings support previous work by Dimopoulos and

Pantis (2003) and Johnson-Pynn and Johnson (2005) by

confirming that improved knowledge related to an endangered
species can positively alter environmental attitudes and

individual locus of control, thereby increasing the
potential for environmentally responsible personal behavior
and active involvement in environmental solutions.

Unexpectedly, the most significant attitudinal change

occurred in moralistic attitude, Sig.

(2-tailed) = 0.00,

p=.01. Prior to the treatment, only 63% of the experimental
group responded "Strongly Agree" to a statement citing

moral obligation as motivation to act on behalf of an
endangered species. On the post-survey, this attitude rose

to 86% of the sample. This change could have been a
temporary artifact due to a general elevation in
motivational attitude following the completion of the
Workshop. On the other hand, the place-based emphasis of

the event may have enhanced the emotional connection
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between the learners and the animal species, which had
almost gone extinct in their own backyard?

Among the experimental docent sample (Pool C), 85.9%
and 87.3%, respectively, responded "Strongly Agree" on the

pre-survey with scientific and global action motivations.
Following the treatment, these attitudes increased as well.
Scientific attitude rose by a moderately significant
amount, Sig.

(2-tailed) = 0.03, p=.05. However, the

statistics do not reveal that nearly the entire sample,
96.6%, strongly agreed with the scientific motivation

statement for saving the island fox.
The increase in global action attitude did not appear

statistically significant on the post-survey for the

experimental sample, Pool C, because the initial high level

left little room for dramatic increase. However, moralistic
and scientific viewpoints were significantly linked to the

94.8% of the Workshop participants who strongly agreed that
local environmental action resulted in a global outcome. In
the sample of the general public, Pool A, only 48%

demonstrated they strongly agreed with the global action
statement. If we expect people to act on behalf of the
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environment, they must believe that their efforts have a

positive impact.
Environmental education strives to engender
environmentally responsible behavior. In this study,

Workshop participants developed a greater ability to
identify human behaviors and impacts detrimental to a local

endangered species. The combination of these findings is
important because increased knowledge joined with
heightened moralistic and scientific environmental attitude

provide the greatest motivators for acting on behalf of an
endangered species (Brackney & McAndrew, 2001).

Participants also confirmed a significant positive
change in self-perception regarding confidence in their own
knowledge and an increased belief that local environmental

actions have a global effect. Empowered by this motivation,
a majority of the participating educators embraced the

constructivist and experiential learning techniques and

responded they would employ them to share the knowledge
they had gained.

The Island Fox Workshop demonstrated that

environmental education strategies can successfully engage
adults, as well as children. Employing the environmental
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education model of lifelong-interdisciplinary learning, the

training drew on awareness to build knowledge and enhance
attitudes. Place-based theory stitched a connection between
learners' emotional attachment to their own community and

solving local environmental problems. Experiential
activities reinforced concepts and problem-solving skills,

while enabling true assessment of understanding. In the
course of learning, misconceptions were addressed in

communal discussion. Teaching methodologies were offered
because they are an educator's action skills. Various
activities modeling teaching methodologies were integrated

into the training.
This integrated approach significantly increased
knowledge levels in the experimental sample. Concurrently,

learner confidence in knowledge also increased. Hopefully,
as Meichtry and Smith (2007) demonstrated with classroom
teachers, this confidence will lead to empowering personal
environmentally responsible behavior and improved

interactions with the public in regard to this local

environmental topic.
Numerous studies have used Likert-type scale survey
questions to establish levels of pro-environmental attitude
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(Barney et al., 2005; Fernandez-Manzanal et al., 2007). In
this case, the goal was to determine the amount of

attitudinal change. Ranking the attitude statements in

order of importance may have provided more sensitive data.

A ranking system would also have been more accurate in
assigning the value each individual placed on the five
attitude statements.
The survey instrument might also have been more

comprehensive in terms of demographic data. Questions could
have included years of residency in Southern California,
ethnicity and economic status.
The experimental sample, Pool C, had strong

environmental attitudes prior to the study. Future research
should question whether similar connections between
increased knowledge and pro-environmental attitudes and

behavior, materialize in samples of adults with lower
initial knowledge and attitudinal motivation.

Little research has been done on evaluating the

environmental knowledge of adults that provide educational

support to children: teachers, librarians, book and

magazine editors, and nonformal educators, such as docents.
Yet children depend on these sources for reliable
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environmental information and to validate information they

have acquired on their own. Children and the general public
expect nonformal educators at zoos, museums and wildlife
reserves to provide quality information.
The pre-survey revealed that while the control

(Pool B) and experimental (Pool C) samples of docents
possessed greater knowledge of a specific local

environmental issue than the general public, they also held
some of the same misconceptions and were limited in
knowledge vital to understanding key elements of island
ecosystem sustainability. If education is to play a roll in
truly increasing knowledge about natural systems and

influencing environmentally responsible behavior,
institutions from schools to nature reserves need to value

comprehensive environmental training of educators.
In California, natural habitats are decreasing
rapidly, endemic species are numerous and increasingly

threatened, and the human community is highly transient and
lacking in bioregional knowledge or emotional connection to
the land. Docents and volunteer naturalists provide a

unique opportunity for scientific, conservation and social
institutions to reach out to children and adults and
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provide a synergistic educational connection to the local
environment. But to meet these complex needs successfully,
docents must be trained comprehensively with knowledge and

specific teaching skills.

Recommendations
The emphasis of this study was on the vital connection

between ecoscientific knowledge and pro-environmental
attitude, and their potential effect on future behavior, as

stated by the participants. Future studies might consider a

follow-up survey to quantify retention of knowledge and the

extent participants employed new knowledge and teaching
skills.
Research on docent and other nonformal educators
remains limited. Documenting information conveyed to

visitors at institutions, especially after a comprehensive

docent training, would provide important data on nonformal
educators as information sources, which has not been

specifically studied. Mony (2007) evaluated docents only as
messengers of institutional mission statements. The Swiss
zoo education program studied by Lindemann-Matthies & Kamer

(2006) demonstrated the value of docents as educators, but
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did not study docents specifically as an information

delivery system.
The trend in environmental education has been toward

large global concepts and creating ever more generalized
survey instruments for broad use. The result appears to be

individuals who display some environmental awareness, but
who do not demonstrate environmentally responsible

behaviors in their daily lives (Ignatow, 2006; Johnson &
Smith-Sebsto, 2000). Higher education may be providing

general environmental concepts, but lacking a focus on
specific environmental cause and effect. Fernandez-Manzanal

et al.

(2007) revealed college students demonstrated no

improvement in environmental knowledge or environmentally
responsible behavior after four years at a university.

This study built on the foundation of others who
evaluated knowledge and attitudes, and their relationship

to environmentally responsible behavior toward specific
endangered species (Barney et al., 2005; Dimopoulos &

Pantis, 2003; Johnson-Pynn & Johnson, 2005). Such
environmental education efforts concern very localized
environmental problems. Perhaps enough data from a range of

programs has now been collected to ascertain which efforts

97

have the greatest long-term impact: highly localized and
specifically focused issue/problem programs or general

environmental concern programs.
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APPENDIX A

SURVEY 1 - PRE-WORKSHOP SURVEY

99

T~1------- F

ireisimi Hjx Workshop
Page 1 of

Age:

Gender:

Male

Female

Affiliation:

Survey A

I believe that I am very knowledgeable about the island fox.
The island fox is found on all of the Channel Islands.
Island foxes and bald eagles have lived together for hundreds of years.
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Channel Island ecosystems are very separate from marine and mainland ecosystems.
The island fox is solely carnivorous.

Toxins in local mainland watersheds affect Channel Island ecosystems.
Island foxes are dangerous to people.

Removing exotic plants is important to island habitat restoration.
Illegal hunting threatens island foxes,

Some island foxes are still held in captive breeding facilities.

All island foxes are endangered.

Human activities only cause negative effects on ecosystems.
Island foxes make good pets.

Strongly SomeWhat
Disagree Disagree

□
□
□
□
□
□
□
□
□
□
o
□
□

The local Southern California community can play a role in island ecosystem recovery. D

□
□
□
□.
□
□
□
□
□
□
□
□
□
□

Not
Sure

□
□
□
□
□
□
□
□
□
□
□
□
□
□

Somo What Strongly
Agree
Agree

□
□
□
□
□

*□
□
□
□
□

□
□
□
□
.□
□
□
□

□
□
□
□
□
□
□
□

Page 2of 2

Strongly Slightly
Disagree Dloagrea

Not
Sure

Slightly
Agree

Strongly
Agree
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The island fox should be preserved because it is a beautiful animal.

□

□

□

□

□

Human activity nearly caused the extinction of the island fox, we have a
moral obligation to help it.

□

□

□

□

□ ■

Island fox populations should be restored because they will increase eco-tourism
and income to the Southern California area.

□

□

□

□

□

Reestablishing island fox populations is vital to a healthy Channel Island ecosystem.

□

□'

Helping a local endangered species, like the island fox, makes a difference in the world.

□

□

□
□

□
□

□
□

□

□

□

□

□

Current Practices
I currently use the island fox as an example of successful local conservation.

APPENDIX B

SURVEY 2 - POST-WORKSHOP SURVEY
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Page 1 of 2

Age:

Gender

Male

Female

Affiliation:

Survey B

I believe that I am very knowledgeable about the island fox.

The island fox is the largest terrestrial predator on die Channel Islands.
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Bald eagles compete with the island fox for food.
The island fox plays an important role in plant propagation.
Island ecosystems are unaffected by human activities on the mainland.

Feral cats pose no threats to island ecosystems.
Reducing your carbon foot print affects island ecosystems.

The island fox is a positive conservation story.
Island fox populations would have increased without human assistance.

Island foxes can get diseases from pets and other animals that are taken to the islands.

Endangered island fox populations have recovered on the Channel Islands.

Individuals can make a difference in die survival of local endangered species.
Feeding island foxes in campgrounds helps them survive.

Strongly SomeWhat
Disagree Disagree

□
□
.□
□
□
□
□
□
□
□
LI
□
□

Knowledge of ecosystems helps people make informed personal and behavioral choic es.Q

□
□
□

□
□
□
□
□
□
□
□
□

Not
Sure

□
□
□
□
□
□
□
□
□
□
u
□
□
□

Some What 8trongly
Agree
Agree

□ '□
□
□
□
□
□
□
□ . □
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□

i—r
waaaa
Page 2of 2
Strongly Slightly
Disagree Disagree

The island fox should be preserved because it is a beautiful animat

• □

Not
Sure

Slightly
Agree

Strongly
Agree

□

□

□

□
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Human activity nearly caused the extinction of the island fox, we have a
moral obligation to help it.

□

□ .

□

□

□

Island fox populations should be restored because they will increase eco-tourism
and income to the Southern California area,

□

□

□

□

□

Reestablishing island fox populations is vital to a healthy Channel Island ecosystem.

□

□
ET

□
□

□
□

□.

□
□
□

□
□
□
□

□
□
□
□

□
□
□
□

Helping a local endangered species, like the island fox, makes a difference in the world. O

Future Practices
I will use the island fox as an example of successful local conservation,

□

I will use the “It’s An Island” activity to demonstrate cause and effect in natural systems. □
I will use the “Bioweb” activity to demonstrate how plants, animals and
resources are interconnected.
I will use the “How Many Foxes” activity to demonstrate human affects on natural
systems and the importance of researching wild populations.

□
□

APPENDIX C

ISLAND FOX WORKSHOP SCHEDULE
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Island Fox Workshop Schedule

Santa Barbara Museum of Natural History
Fleischmann Auditorium, October 4, 2008

Participant Check-in, coffee and tea

9:30 -10:00

Welcome & Introduction
10:00-10:15
Leeza Charleboix, Volunteer Coordinator, Ty Warner Sea Center
Introduction of Friends of the Island Fox
Pat Meyer, President Friends of the Island Fox

10:15-10:20

Island Fox Origins and Evolution
10:20 - 10:35
Dr. Paul Collins, Santa Barbara Museum of Natural History

Island Fox as a Keystone Species
10:35 - 11:00
Keri Dearborn, V. P. of Education for Friends of the Island Fox
Including: “Island Adaptation” activity & “BioWeb” activity

11:00-11:20

Break

Interactive Displays in Auditorium for participants to explore:

1) Island Fox Health Check: Participate in the steps of an island fox health
check just as the biologists do in the field. The anatomically correct
"HC” fox model allows you to check its teeth, examine ear canals, take
a blood sample and more.
2) Keystone Species Blocks: Build an arch that represents the Channel
Island ecosystem, then see the ramifications if you remove the
“keystone species” - the island fox.
3) Nature in Balance Scale: The Channel Island ecosystem has a delicate
balance. If the island fox is on one side of the measurement scale,
what plants and animals need to be on the other side of the scale to
put the ecosystem back in balance?
4) What Has This Eagle Been Eating?: Sort through the bones and biofacts
found in a bald eagle nest and in a golden eagle nest. Determine
what each species of raptor has been eating and bringing back to the
nest to feed its chicks.
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5) Life Cycle of the Island Fox: Pelts, bones and biofacts representing the
island fox from birth to death and in comparison with the mainland
gray fox.

Introduction to Island Fox Decline
11:20- 11:25
Keri Dearborn, V. P. of Education for Friends of the Island Fox
Eagles and the Island Fox
11:25 -11:40
Dr. Paul Collins, Santa Barbara Museum of Natural History
11:40-11:55
Disease & Current Conservation Efforts
Keri Dearborn, V. P. of Education for Friends of the Island Fox
Including: “How Many Foxes” activity

Radio Collar Demonstration
Pat Meyer, President Friends of the Island Fox

11:55 -12:00

San Miguel Island Fox Release Video

12:00-12:10

How You Can Make a Difference
Pat Meyer, President Friends of the Island Fox

12:10-12:25

Closing of Morning Session
Leeza Charleboix, Ty Warner Sea Center

12:25-12:30

Hall open with interactive displays

12:30- 1:30

Lunch

1:00-3:00

Check-in at Santa Barbara Zoo
Piper Presley, Santa Barbara Zoo

2:30 - 3:00

Presentation of Finnigan, the San Clemente island fox
Santa Barbara Zoo Animal Care staff

3:00 - 3:45

Thank You and Closing of the Day
Pat Meyer, President Friends of the Island Fox
Leeza Charleboix, Ty Warner Sea Center

3:45 - 4:00
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ISLAND BIOWEB ACTIVITY
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Activity: isiand Bio Web
Participants: a classroom-sized group; grade 3 and up
Description: If you remove an important plant, animal or
resource from an ecosystem, what happens? This activity
demonstrates how all elements of an ecosystem are
interconnected. Participants play the role of various
plants, animals and resources in the Channel Island web of
life and weave the interconnections between the elements
they represent.

California Standards:
Grade 3 - Life Sciences 3c & d
Investigation & Experimentation 5a & d
Grade 4 - Life Sciences 2a & b; 3a, b, & c
Investigation & Experimentation 6c
Grade 6 - Ecology 5b
Grade 7 - Focus on Life Science, Evolution 3.5
Grade 9-12 - Ecology 6a, b, & c; 8d
EEI: Principle III, concept C
Principle IV, concept B
Principle V, concept A
Equipment: a ball of thick yarn; scissors optional
Activity Directions:
1) Discuss the island fox and how it interacts with
components of its ecosystem. The island fox eats:
Catalina cherry
lemonade berry
cactus
manzanita berry

toyon berry
prickly pear
sea fig ice plant

The island fox disperses the seeds of all of these plants
in its droppings thereby spreading these plants throughout
the island ecosystem. All of the following animals, in
turn, depend on these same plants:
Jerusalem cricket
Moth
horned lark

grasshopper
song sparrows
deer mice
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The island fox also eats all of these animals. In ,addition
it eats the fence lizard and the yellow-bellied racer
snake. Both of these reptiles in turn depend on the
animals above.
Spotted skunks and bats also depend on the insects which

eat the plants that depend on the island fox to move their
seed. The bald eagle eats fish, but it is directly related
to this island bioweb because it is territorial and keeps
the golden eagle away. The golden eagle can prey on the
island fox and nearly caused its extinction on three
islands. The bald eagle also uses the plants on the island
to build its nest. Dead fish that are brought onto the
island by the eagle add nutrients to the soil.

While the animals get the moisture they need from the food
they eat, the plants depend on rain and fog for water and
soil for nutrients. All of the plants, animals and
elements in bold can be participant elements in the bioweb.
2) Bring the group into a circle.

3) Start with a participant playing the role of the island
fox. Loop the end of the yarn around the island fox's
wrist. Ask for someone to name a species or resource that
the island fox has a connection with, something that it
needs or something that needs the island fox. Have the
island fox toss or roll the ball of yarn to this second
player. Each connection should be a single link. For
example:
island fox eats Jerusalem cricket
Jerusalem cricket eats Catalina cherry roots
Catalina cherry needs island fox to move seeds
island fox eats toyon berry
toyon berry provides shelter for song sparrow
song sparrow eats Catalina cherry
Catalina cherry is material for bald eagle nest
Bald eagle protects island fox from golden eagle
island fox eats deer mouse
deer mouse eats lemonade berry
lemonade berry needs soil
soil is created by decomposer, the Jerusalem cricket
Jerusalem cricket is eaten by spotted skunk
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spotted skunk digs burrows used by island fox
With each connection the yarn is given to the next person
and they loop it around their wrist. The more connections
that are made, the more interconnected the web will become.

4) Then ask the participants what they think will happen if
one of the elements is removed from the web. The most
dramatic example is to take a pair of scissors and cut all
of the yarn connections to one of the major elements, like
the island fox. If there are only a few connections cut
the yarn links originating from two elements-a major plant
and the island fox. Instead of cutting the yarn, you can
have the designated participant push the yarn loops off of
their wrist.
5) When the ecosystem web falls apart, ask the participants
what they think will happen to the plants and animals that
are remaining. What will happen to the ecosystem? What
can people do to stop the ecosystem from falling apart?
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Activity: "It's An Island"
Participants: a small group or a larger class divided into
working groups of 3-5 individuals; grade 3 and up
Description: Living things are-adapted for the environment
where they live. The island fox, like many of the plants
and animals on the Channel Islands, has evolved to be
different from its ancestors because it lives on an island.
If the climate or conditions change on the island, these
living things do not have the choice to move. They must
change if they are going to survive. Participants discover
how important adaptations are by taking a plant or animal
out of its normal environment and making it evolve so it
can survive on an island.
California Standards:
Grade 3 - Life Sciences 3a, b, c, & d
Investigation & Experimentation 5a
Grade 4 - Life Sciences 2b; 3b, & c
Investigation & Experimentation 6a & c
Grade 6 - Ecology 5d
Grade 7 - Focus on Life Science, Evolution 3.1 & 3.5
Grade 9-12 - Ecology 6a & g
Evolution 7a, c, & d; 8a & d
Investigation & Experimentation Id
EEI: Not applicable
Equipment: none

Activity Directions:
1) Have each group pick an animal or plant with which they
are familiar or that is on display at your facility so they
can see it.
2) Discuss briefly how the island fox adapted to live on an
island by:
a) getting smaller. The "island effect" theorizes that
animals larger than a backpack will get smaller on an
island because of reduced resources. Animals smaller
than a backpack will get larger because of reduced
predation.
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b) changing its diet. The island fox eats a little of
everything and adjusts its diet seasonally so it
doesn't consume all of one food source. It eats mice
in winter, birds and insects in spring, fruit in
summer, fruit and insects in autumn. It eats more
insects than the mainland gray fox. Because of this
change in diet, its teeth are more pointed.
c) changing when it looks for food. Food is hard to find on
the island, the fox wants to forage for food as much
as it. can. On the mainland gray foxes have to be wary
of predators-golden eagles and coyotes. They prefer to
hunt in the dark of night. The island fox does not
naturally have predators so it is active day and
night.
d) eating food high in water content. The islands where the
island fox live have very little fresh water. Instead
of drinking water, the island fox has adapted to
eating fruit that is high in water content: the
prickly pear cactus and ice plant fruit.
3) Remind the group (s) of the animal they picked earlier.
Have them imagine their animal stranded on one of the
Channel Islands, San Rosa Island. Explain that the climate
is sometimes hot and dry, sometimes cool and foggy. There
are only a few trees. The available resources are insects
and small rodents, a few lizards, fruiting bushes and
cactus, with rolling hills of grasses. Ocean surrounds the
island. Sea gulls, seals and sea lions come onto the
beaches. There are crabs, snails and fish in tide pools.
If the group chose a bird, the distance is too great for
that bird to fly away. If they chose a fish or a marine
animal, it is confined to a small pond on the island. Have
the group speed up evolution and decide what adaptations
their animal or plant will have to make to survive on the
island. Limit the time as appropriate, even 1-3 minutes can
be enough time depending on the age level.
4) Have groups share what their animal was and the
adaptations that it had to make. Focusing on how something
would have to change to live in a different environment
highlights and reinforces the importance of adaptations and
the adaptations that a species has for the environment
where it does live.
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HOW MANY FOXES ACTIVITY
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Activity: How Many Foxes
Participants: a group of 50 or more; grade 3 and up
Description: Why is it important to study an animal
population? This activity demonstrates the dynamics of a
population in a defined space, like an island, when
variables of habitat alteration, alien species and disease
are introduced. Participants have the opportunity to see
firsthand how knowledge about a population, plant or
animal, allows people to make informed decisions regarding
community actions.
California Standards :
Grade 3 - Life Sciences 3c & d
Investigation & Experimentation 5a,c, & d
Grade 4 - Life Sciences 3a & b
Investigation & Experimentation 6a,c, & e
Grade 7 - Focus on Life Science, Evolution 3.5
Grade 9-12 - Ecology 6a, b, & c; 8a, b, & d
Physiology 10b
Investigation & Experimentation Id & g

EEI: Principle
Principle
Principle
Principle

II, concept C
III, concept C
IV, concept C
V, concept A

Equipment: none

Activity Directions:
1) Have participants sit in a defined space, ie. at desks,
in an audience, on a lawn. Determine a way to divide the
participants into four sections using markings on the
floor, row number, landmarks, etc.
2) Introduce that all of the participants are on an island.
The island is divided into 4 sections. Number the sections
1, 2, 3, and 4. Relate that Section 1 has a harbor. People
like to visit this island so there is talk of building a
campground on the island in Section 2. There is a
population' of island foxes on this island but no one has
studied them. Ask the question: Should we just build the
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campground or should be study the island foxes first and
make sure the population is stable and healthy?

3) To find out how many island foxes are on the island, ask
everyone who has a letter "E" in their full first name to
stand up. Each standing participant represents an island
fox on the island. Look at the:
Population Number:
How many island foxes are on the
island?
Distribution: Are foxes distributed evenly across the
island? If not, where are the highest and lowest
densities?
Sex and Age Ratio: What are the percentages of male to
female? If it is a multi-generational audience, what
are the percentages of young and old?
Impact: If we built the campground in Section 2, what would
the effect be on the overall island fox population?
4) But there is more to know about this island. Introduced
goats have been browsing on the native plants in Sections 3
and 4 for decades. The natural vegetation has been
dramatically reduced. Several golden eagles have arrived on
the island and have started to hunt the island foxes.
Vegetation in which island foxes can hide have been
unnaturally reduced. For the participants who are island
foxes in Sections 3 and 4, camouflage is vital for
survival. If they are not wearing clothing that is green or
brown, ask them to sit down. Their bright coloration caused
them to stand out against the reduced island vegetation and
they have been caught and eaten by golden eagles.
5) People have also had a direct effect on the island fox
population. Choose a participant "island fox" in Section 1
that has had contact with numerous people prior to the
activity. This island fox lives near the harbor. A visitor
brought a sick dog onto the island and infected this island
fox with a canine virus called distemper. Ask all other
standing island fox participants that have talked to or
have had contact with this individual today to raise their
hand.
Repeat: Ask again for all other standing island foxes that
have talked to or have had contact with ANY of the
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individuals with their hands raised, to also raise their
hand.

Repeat: Ask again for all other standing island foxes that
have talked to or have had contact with ANY of the
individuals with their hand raised to also raise their
hand.

Draw everyone's attention to how the pool of island foxes
with their hands raised grows exponentially. This is how
infectious disease moves through a population.
6) All of the participants with their hands raised
represent island foxes that have been infected with the
distemper virus. Distemper is very lethal in wild
populations, but not every fox will die from the disease.
Ask participants with their hands raised, who have a letter
"J" in their first name to remain standing. They have
resistance to the disease and have survived. But all other
participants with their hands raised should sit down
because they have died from distemper.
7) Now reevaluate the island fox population. Look at the:
Population Number: How many island foxes are on the island?
Distribution: Are foxes distributed? If not, where are the

highest and lowest densities?
Sex and Age Ratio: What are the percentages of male to

female? If it is a multi-generational audience, what
are the percentages of young and old?
Impact: How have the impacts of goats eating native plants,
introduced predators like the golden eagle, and
introduced disease affected the island fox population?
If the normal population size is the number of island
foxes that you began with, is the current number of
island foxes enough to maintain a normal population
size? How would this current population be affected if
the community built a campground in Section 2? Are
there other options that might be better for the
island fox population and still acceptable for the
community? What would the effect be on the island
foxes if the campground were built next to the harbor
in Section 1? What steps could the community take that
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would help protect the island fox from similar threats
in the future?

Studying the dynamics of an animal population provides us
with knowledge so that we can make informed choices.
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